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This report represents the National Science 
Foundation's fott£.th projection analysis of science and engineering . 
dpetorate supply^and utilization th]:ough 1987. fhe 1979 study 
ijscorporates the effect of the donestic narket for highly trained 
science and engineering (S/E) personnel upon the nnabers cf S/B 
doctorates awarded by ftnerican universities. Xhis report consists of 
four chapters. Chapter one describes the netted used to project the 
1982 and 1987 supplies of doctoral scientists and engineers in five 
fields. Chapter two briefly describes the utilization ot doctoral 
scientists and engineers in 1977, ai^ explains how 1982 and 1987 
utilization esti^^es were derived by susning eight categ cries of 
S/E-related enployft^t. Chapter three preirants the 1982 and 1987 
balaiKses between fvi£\0^Me supply and utilxzation in the iarket for 
scientists and engineers- Chapter four presents a aoBBary of 
projection nethods and assnnpticns. Appendices .whictt include 
technical notes and a bibliography are also included. (Htf) 
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FOREWORD 



Recent changes in the supply-demand balaiice for scientists and en- 
gineers have increased interest in projections. By the early seventies warn- 
ings that a significant number of new science and engineering doctorates 
would be unable to find employment related to their education displaced 
the cor>cerns of the preceding decade that the United Staies would have 
too feM' of these highly trained people to meet national goals. Con.r^ near 
the start of a now decade, this latest NSF study prqects to 1982 and 1987 
the balance between the supply of docinrai scientists arKi engineers and 
tfieir science and engineeting-related utilization. 

As indicators of possible futures, these pi ejections are intended to be 
used by planners arid policymakers as tods to anticipate potential prc^- 
lemG and opportunities. They can also be us^ by students as gene'^al 
ifKiicators of the types of future opportunities available in broad fields of 
science and engineering. The analysis sup|X)rting the projections may also 
help the reader develop a better understanding of the dynamics of the doc- 
toral latK>r market. It should be recognized, however, that projecticMi models 
produce forecasts that are sensitive to assumptions and methodological 
limitations. Therefore, users should focus on broad features of the p 'Ojec- 
tions and not attnbute a false sense of precision to numerical values. 
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The current proiecttc»is are tf^ f(Hirth in a series initiated by Vtie Na- 
ttcnal Science Foundation in 1969. Throughout this decade, successive 
NSF projections have reflects continuous invxovements in t)0th methor's 
and data bases. This report irx^orporates a significant number of technical 
chan^. The most important one invdves feedback from the doctoral la- 
bor market to the prockK^ttf^ of new (toctorates. Although there have been 
changes in methods and certain oata trends— especially those involving 
the availability of R&D funds— it is notable that the overall results of the 
new NSF projections are generally consistent with these produced four 
years ago arKj are also oxisistent with more recent projections develi^ped 
by the Bureau of Labor Statistics. 



Charles E. Falk 
Director 

Division of Science Resources 
April 1979 Studies 
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• Projections presented in this report incficate that about 17 percent (or 
70.000) of aN science and engineering (S/E) doctorates in the 1987 full- 
time labor force may not be employed in S/E positions. (The Bureau of 
Labor Statistics pn^ecte an equal gap between st^sply and "tradi- 
tional" utilization S/E dodorates. See appendix A-3.) Ofi the basis 
of current Icto^ force statistics, however, it is expected that nearly all of 
the 70.(X)0 will be enployed. By ctmiparison, only 25,000, or 9 percent 
of the full-time S/E Ph.D. \abor force, held non-S/E jolas or were unem- 
ployed in 1977.* IMon-S/E utilization is projected in this report to range 
In 1987 from about 9 p^cent in the physk^al sciences to a high of 21 
percent in mathematics. Non-S/E utilization in er^neering and the so- 
cial sciences is prelected to be 19 percent in that year, whereas the 
estimated figure for the life scierKes is 16 percent (tat>le 1). 



TaMel. Proporttons of *u»»ne S/E ctoc to iat e^ wtw> 
are pn^ectsd U> be tn non-S/E-ralated positions In 

1987 



FieW 


Percent 




17 
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Engine^ing 


151 


Mathmiates 


21 


sciences 


16 


SoQal sciences 


19 



SoufCtf Natfon^ Sodnce FotrndalfOn 



# These prelections reinforce the coiKlusion of an earlier NSF study^ that 
a substantial m 'nt^r of new S/E doctorate recpents through the mid- 
eighties are unlikely to find vvork in areas related in (heir training. This 
new study conciu(tes that about 25 percent of 1977-^7 S/E (toctorate 
recipients may not be employed in S/E-related ac^vities in 1967.^ 



Ttii« tncHjdss Aoout 3.000 ifvtio mere iramptoyod Data ffom ffm 1975 Sirvey of Doctorst Scwffnds ano En^ 
neers tndca^ ^ aImM 90 pBtcmji of S/£ (SoctorMas Mtitng non S E ^titm <M fro on a vokif^ary bastb 

' Na^on^ Saenco Founc^ion. Prof^c^ons of Caeftce and Engfmetw^f Oodt^nte Si^Tp^ ana Utthzmton f980 
si^ i^S5 {HSf 7^-301) (Washmgw, D C. 20402 Si^ d Documents. U S Governmem Prtming Offtce) 

Thfs pn^ecM 1987 ta^ of nofvS/E fi^Mnes tn«l S E doc^atafi «i«tio are cufrmtty err^^oyed tn 

|Qt>s «^ ramam in S/E (Ot» Of ieava the iabor for<» Ttia pio^ad non-S E u^abon rata be sma^ rf soma 
0^ masa o^rertfy arr^ilD^cf S E docforates mcM to norv&E jot's 
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The full-time S/E doctoral labor force (supply) is projected to increase 
during the 1977-fl7 projection period by almost 50 percent to about 
410.000. 

The numbfei of *ull-time S E-related positions (utilization) heJd by doc- 
torates IS projected to grow over tfie same period by 35 percent to about 
340.000. Industrial H&D utilization of S/E doctorates is projected to ex- 
pand by 1987 to almost 70.000—39 percent over 1977, primarily as a 
liisult of expected growth in R^'iD funding. In contrast. S E doctoral fac- 
ulty utilization over the same period is projected to grow only 1 1 p>ercent 
to about 145.000. 

New {1977 -87) doctorates in all broad fields in S'E positions are ex- 
pected to be less concentrated in academia than were S/E doctorates 
in the 1977 labor force--57 percent for the latter vs 35 percent for the 
fornner. New S'E doctorates are projected to be more concentrated in 
nonprofit organizations 7 percent for the 1977 labor force vs 16 per- 
cent for new doctorates, and in industry 25 percent of the 1977 labor 
force vs 32 percent of new doctoratt's 
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The number of new S/E baccalaureates and doctorate:; produced dur- 
ing the 1977-87 ^nod are ^oject^ to be 20 percent and 23 percent 
larger, respectively, than corresponding totals of the preceding 1 1 -y ^sr 
period, 1966-76. The projections of doctoral degrees p«cf*M!ed in this 
report were produced with an econometric model that relates the num- 
t^r of doctoral awarcte to labor market conditions. 
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INTRODUCTION 



This report provides projections of the supply and utilization of doctoral 
scientists and engineers through 1987. The study, the fourth in a seri^ 
that began in 1969, uses a new approach that explicitly incorporates the 
effect of the domestic market for h^hty trained S/E personnel upon the 
numbers of S/E doctorates awarded by American universities. In this im- 
proved approach, market conditions are assumed to affect the projected 
proportions of both S/E baccalaureates who enter graduate school and 
graduate enroilees who earn doctorates. 

The projected 1982 and 1987 supplies of doctorates in each broad 
S/E fiekJ' are the summation of three components. The first is composed 
of those members of the 1 977 doctoral labor force ^vho are prelected to be 
still employed at the later dates. The second component, about equal in 
size to the first, is doctorate recipients for 1977 through 1982 and 1983 
through 1987. Before their inclusion in the projected supply, these esti- 
mates of future degree-recipients are adjusted to reflect the emigration of 
non-U.S. residents and any field-switching of the remaining new doctorates 
as they take their first jobs after graduation. The third, and smallest, com- 
ponent is the estimated number of future Ph.D. immigrants. 

Estimates of future utilization, disaggregated both by sector of emptoy- 
ment and S/E field, are based primarily upon projection equations which 
link demand factors (R&D spending and S/E bachelor's degrees^) to the 
utilization of scientists and engineeers. The parameters of these equations 
are estimated using multiple regression techniques. The prelected balance 
between supply and utilization in 1982 and 1987 is obtained by comparing 
estimated future supplies with projected numbers of S/E-related jobs avail- 
able in each of these two years. 

Several factors which have\changed since the last report, prepared 
four years ago, strongly affect the^urrent projections. For example, indus- 
trial R&D expenditures have begun to grow again after having been fairly 
constant in real tenns from 1970 :o 1976. Other changes include a sharp 
fall in undergraduate degrees in the social sciences and an acceleration in 
the long-term upward trend in life sciences baccalaureates., In addition, 
information from a recent survey, supported by NSF and completed since 

The five bcoad S E delete disctis.sod m this tefiori aie erifltneeting the iile sciences (he mathematical soencei.. 
the physical w:ien;ei. arid the hot iai '.ciences Stw appends A 4 for the composrtinfi o( these tKOad fietds 
' Bdiheiof s cl«g»ee& se»ve id the nwdei d& an inde» '»t teaching loadb 
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the last supply and utilization report. alk>ws more reliable estimatk)n of the 
proportion of new S/E hires in academia who will have doctorates.^* 

Limitations 

In interpreting the infonnation presented in this report, it shouM be 
remembered that projections are conditional forecasts incorporating a 
number of assumptions about the future. If these assumptions are changed, 
ttie results of the projectior^ woukl be altered. 

The analysis in this report corr^ines trend extrapolation, when justified 
by expectations that factors determining past trends are likely to remain 
unchanged during the prqection period, with econometiic models. An ob- 
vious hazard of trend extrapolation is that past tendencies may not con- 
tinue because of unexp^ed events. In ttie eccMKwnetiic mocMs. statistk^l 
relations between dependent and independent variables, such as between 
employment of scientists and engineers and industrial R&D spending, are 
derived from regression analysis. The use of such analyses presents diffi- 
culties similar to those of trend extrapolation. For example, pertinent fac- 
tors may be omitted frtxn regressions either through lack of knowledge 
because of data limitations, thereby causing possible bias in the estimated 
parameters. 

In view of these limitations, a false sense of precision shouW not be 
attributed to the numerical values presented in this report. Despite these 
caveats, the general supply/utilization relatkjnships projected are believed 
to be representative of what woukl occur under the assumptions stated in 
the text. The projection results are similar to those derived by the Bureau 
of Labor Statistics.'' 

A final caveat concerns the high degree of aggregation in the reported 
projections. Each major area of science and engineerir^ includes specifk; 
disciplines (e.g.. physics, economics, electrical engineering) ttiat can differ 
in their supply and utilization balance from the aggregate balance. Thus, it 
must not be assumed ttiat projections for a broad area of science (e.g., 
physk:al sciences) are necessarily applk^able to individual disciplines.^ 

f fank J Alatsefc and Hme I Gombwg New fuS farw Facuiry 1976-77 Hmng Pattmns by fi^d and tdu- 
cat'on^ /^mnment (Washtn^on, D C Am«ic«n Councit on Education »tefch 1978 ! 

• Douglas Bradcltx*. Oversuppty of Ri Ds to Continue thtough 1 986. MomtHy Rsviet^. Oa 1978. pp 
46 50 

NSF prQfacts by tKoad S E held bscm&e too little is cufienfly knsmn ^Kjut intertiakl moMity to make furtfwf 
biealidowns by individual S E ttekJs very nwawiglul 
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Chapter I. SUPPLY OF SCIENCE/ENGINI 



This chapter describes the methcd used to project the 1M2 and 1987 
suppites of doctoral scientists and er^neers in each of tfw five fiekis. The 
basic projection method consists of adjusting 1977 doctoral S/£ stocks for 
projected flows into and out of those stocks. The foltowing steps summa- 
nze the procedures for estimating ttie 1^7 supply of doctorates by neld: 

1977 doctor^ labor force 
plus 

1977-87 dcK:tcKal awarcfe 
tess 

1977-^7 enmgratKKi 
plus 

1977-87 immigration 
plus 

adjustments for 1977-87 field mobtlity 
less 

1977^7 deaths and retirermnts 
equals 
1967 doctoral labor force 

The 1982 stock is estimated with comparable procedures. 

The first section concerns doctoral awards which are projected using 
a model that links student decisions regarding graduate school attendance 
and completion to employment opportunities for new ckx:torates. A^^ndix 
A-2 provides more detail on the model and presents the equation^ svhich 
comprise the projection model. remaining sections deal with (1) pro- 
jections of international mobility, (2) adjustments for differences between 
field of degree arKl field of employment for some ckx:torates, and (3) esti- 
mation of future doctoral deaths ar^i retirements. 

Doctoral Degrees 

Proj^tions of new degrees are based on analysis of historical data 
linking the supply of S/E doctoral graduates by broad field to labor market 
conditions. As economic theory suggests, improved opportunities for ob- 
taining employment elicit greater participation in doctorai study, although a 
lag of several years may separate responses in the number of graduates 
from market changes.^ The historical links between market conditions, stu- 



* The rf?*ationshrps descfibed ^re iveie eslfmaleO using mUttvaf»ale regfe&sion anatys^s Fof dela*^ se<? a^rper^ 
0k A 2 p ^ 
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DOCTORATES 



dent behavior, and graduate sci ool output provide the basis for this re- 
port's projections of S/E^todo-al degrees thi^ough 1987. It is assumed 
that these links will continue to have the values' they have had in the past, 
e.g., a given dtange in the market for doctoral mathematk^ans will change 
completion rates for graduate students in mathematics by the same num- 
ber of percentage points in the projection pehod as it dki in the past. The 
following diagram Is a schematk: representatk>n of the model for prelecting 
such awards.^ 



Doctoral degree prelection model 



Demand for r^w docto- 
rates (lndusti.al R&D 
speriding and juniw faculty ( ) 
openir^ in universities^,^ 
and ccMeges) \. 

\. Market corwirttons {Pw^cent 
^ of mw doctorates wtto are 
seeking tHit have not found 
^ ^ emptoyrront) 

Suppfy erf tK-Kv doctorates 
(Nun^ser of docttKates 

awarded) * ~ ~ 



Note Vdffiat>les are in pare(4rwt>«'!> Si^ns. plus a minus refet to <&fecii«i of inftuence enerled by vartatJtos 



Whereas market corKjitk>ns Influence career chok:es of some students 
at both the undergraduate and graduate levels, the effects of such condi- 
tions appear to be stronger at the latter level wfrere the market appears to 
affect student educational chorces at two points. These are the stage at 
which the new baccalaureate elects whether to enter graduate school and 
the stage at which the enrollee deckles whether to complete graduate train- 
ing and earn a doctorate. 

I 

Aimou^ ail var^abi«*s »te masi^ed sep^raie^ in eacti Si: hek^. Xhtu dtayfani rapres^^ tH^ moctei foi att five 
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Student cfKwces (Percent 
»of baccaiaureafes enrofliog 
( ) m grackiate scfwA and 
percent of emoflees earn- 
ing dociorales) 



« 



At the first stage, the proportion of baccalaureates enrolKng in gradu- 
ate school t)y sex and broad fiekt" is statistically related to an index of the 
availability of jobs for doctorates. This index, derived from the Foundation- 
sponsored annual Survey of Earned Doctorates, r^xjrts, by field, ttie per- 
centage in a given year of those who are about to receive doctorates who 
are seeking employnient but have not fouixl ctefinlte posittor^.* This inCtox, 
SEEK, was used as an independent variable in equations explaining the 
annual percentages of baccalaureates in a field going on to graduate 
school. ^° Additional irKlependent variables fourKi to be related to graduate 
school enrollment rates were the number of baccalaureates awarded in a 
field, tfie number of men drafted for military service, and a simi:^ linear 
trend variable." Synchromxjs values were used for ail variab^, i.e., no 
variables were lagged or led. Starting salaries, another possit>le irxiex of 
market o^nditions. were no! used in these projections because startir^ sal- 
ary data at the doctoral level were limited to a few fiekls (appendix A-2. 
p.29) 

Unlike enrollment In graduate school, the decision to complete gracki- 
ate training is not necessarily made at a discrete and fixed time. However, 
an assumption that such a choice is made two years after the start of grad- 
uate study permits relating completicm rates (measured in perc^ts of stu- 
dents beginning study at year t) to empbyment opportunities (indexed by 
SEEK at year t4 2). Strong correlation between the market and completkjn 
rates were found for ail fiekis and both sexes except for women in the 
social scier%:es. With this exception, SEEK abne explained at least three- 
fourths of the variaticwi In (xxnptetkKi rates.* 

At the undergraduate level, ttie market exerts strong, clearly klentified 
effects only on engineering students. Therefore, only engineering bacca- 

* Femate enc^wefs nvwe enctuded from the analysis becMise ttieie have t>een tew gradumes 

Fgrms to this sutvey are con^jl«ted ttsoughoul ttw ysa« TaMations by the National Acatteny ot Saeooes. 
vihKty admsnsteti the sufvey, show that the i^sti^utton c4 Siwvey respof^es by month o( compMton has not varMd 
muct. since ttie survey was begtm in 1956 

• Sixteen otoservations o( SEEK wore usad fw the pefiod 1960 75 

This IS included to account tor factors which are not refxesenisd in the equations and which ms related to time. 
I e they e<thef increase « deaease with the passa^ at trnie The bend vatatie takes ttie vakie ol one (« the first 
otssefvaiion two b» the second ete 
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laureates are projected with a market-related method similar to that used 
for doctoral deigrees.*' The limited role of the mark^ in determining under- 
graduate science degrees can be iNustrated by two examples. The number 
of baccalaureates in the life sciences has increased almost every year 
since 1961, irrespective of relative emptoyment opportunities. For the so- 
cial sciences the market seems to have an effect only after a lag. The 
number of baccalaureates in this "iroad flekJ did tKA begin to fall until 1975. 
although many hoklers of such degrees had diffk^jlty finding jobs as eariy 
as the late sixties. These examples suggest that noneconomk: factors may 
(^ay a major, arxl perhaps a dk^ninant, role in the decisk)ns of many un- 
dergraduates regarding study in the sciences. ' 

The prpjectkjns for the four sdence fields assume that trends existing 
as of 1 976 in the numbers of baccalaureate degrees awarded by fieM and 
sex will continue through 1987. The rate of change, however, is assumed 
to be one-half the current rate.'^ The assumption that existing trends will 
continue is based on the juc^n^ that the factors that produced them will 
still be operatk)nal during tfie prelection period. These incfcjde a continued 
shortage of jobs for social sciences baccalaureates and 'continued growth 
in female participatk>n in science and engineering. The decisk>n to reduce 
the rate of change was made because the proiectk)n of historical rates 
produced clearly unreasonable results. For example, if the rate of growth 
for life science baccalaureates does not moderate, almost 200,CKX) under- 
graduate degree awards wouki be made in 1967. or 2.6 times as many as 
were awarcted in 1976. 



" For tf»s report engmewmg tMccdai«Miie prelections from the Center (or Pofccy Ajlwna^v^. Massachusetts 
tf»t«jteo(Tech(K]logy.wsreM^itftedandusadKH^tk)theengineenngPh O proiectiom (IM^Mb^tfMd repoti of 

SBSgram 76-22^ AOL) 

' ' The faa thtu niany tmlBfi^aduates change whwi ttiey enter t^aduate or proiessNm^ sc»^ wou^ 

torbng of thts hypoihesa drfficUt 

" Trends were assumed to be^ e^tier m 1960 or whenever ttw number o( baccalaweate awards began a dear 
period o( growth or dacfcne The onty excepbon « mm sooal soence b acca ta >gaa8» where a 1972-76 panoc s 
used rathw Otan 1974-70 Anhouj^ degrees <M not bs{^ » drop unW i974. the (afl m«s so ^ms3vm» that use <4 
the 1974-76 period af^ i o^s lor esfr^xMion wouW lead to extreme^ low pr(^eciK>ns of 1967 socitri soenra 
baccalaurssies The (odowvig years martt Itie beginning of the trends used in p»ofeciion of baccalaufeate degrees 
Physical soencfls. man • 1966 wid women - 1969. mattiam«cal scwNi^. men and womsn • 1970. Ma soenoes. 
men and women - 1960. sooal sowices. men 1972 and women • 1974 
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The decision to hatve existing rates was based upcKi the Nstorical re- 
lationship between S/E baccalaureates and the sum df ali baccalaureates 
and fir^-professional degrees. The nurr^ of science baccalaureates 
projected for 1987 using the attenuated rates was added to the number of 
engineering baccalaureates projected for that year with the market-related 
approach. The result was then compared to tfie National Center for Edu- 
cation Statistics projection of the 1967 sum of bachelor's degrees in ail 
fields plus first-professional de^-ees. The NSF projections of how many of 
these degrees woukJ f£ril in S/E fields was witNn the narrow hi^xical 
band— 28 2 percent to 31.8 p^c^nt— formed by such proportions in the 
past 21 years. 
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International Mobility 

Manpower flows between the United States and the rest (tf the world 
affect the size of domestic S/E Ph.D. labor force. The most Irnportant flow 
is tl^ return abroad of foreign citizens who have earned American doctor- 
ates. The number of new S/E doctorates with temporary visas probably 
best indicates those degree redpier^ who expect tc leave this country 
permanently. In the period 1974-77 about 2,600 doctorate^ a year, or 
about 15 percent of S/E doctorafos, were earned by those on temporary 
visas. The distribution of these individuals by sex and field did not vary 
neatly during these years. The projections assume that the annual num- 
bers of ^udente oh temporary visas who earn doctorates through 1987 will 
be ec^mi to the 1974-77 averages^' and that ^1 such students will leave 
this country upon graduation.^^ For this reason, tfie estimated numt)ers of 
future doctorates earned by those with temporary visa status are sub- 
triK^ed from projected total doctoral awards by field and sex before the 
latter are included in the 1982 and 1987 labor forces. It is also assumed 
that only insignificant nun^)ers of doctorate rec^iients with American dti- 
zer^ip or permanent v^as will ^^rate.^" 

The annual inflow of scientists and engineers trair^ abroad offsets 
mtK^h of tt^ loss of fore^ citizer^ y/tho receive ttieir {^achiation training 
here. The mo^ re(»nt available data describif^ the level of education of 
immigrants are from a special study of those receiving permanent visas in 
1964-69. This study repwted the proportkK^ of foreign-trained entrants 
with doctorates by field.^^ By assuming that these jsroportions have not 
changed since 1964-69, estimates were made of the numbers of immi- 
grants with doctorates in 1974-76. It is assumed that the number of Ph.D. 
immigrants in each field entering ^is country yearly throu^ 1987 will 



■* Th« MstNnpkon IS based w ttw «q»clalm M Amencan S/E fld^ 
tatmm tovm m om» oou«iss The Mngesi absoluto cft^igo dwwg 1974-77 m ffw numbars of doctoraiB; swied 
by itioBe on tempormy mm m a ngmoonng iwhera tt« toM Aoppad fwm 810 m 1975 to 773 m 1977 ^ht^ 
Ftese««^ Councri &mnmry R^kvT Osx^orm f^c^itma turn UnSad SMM Unv»n»»s. annuei (W«hintt>n. 

OC) 

*« N fiHidenis on (MT^Mrary «fs» renMMi m 8i« (»iff«y ttiey m« 
(Hs mduilsd m amntgraten totiiB. Sucn VR» (Mmgn are r^8^ 

" Lack Of diM on M te t w isfMp and vtea amm of S/E smdsfM pmmma e«*mim al tomign muOam from ttw 
modal betore tr«a doctoral aMiard se^a 

'* SpocMliabiUions Hfom 8ia NMon« Raorarch Council mdicM «W only 4 paroani of U S citoafs avmig 
&E doctorMs m 1977 ptaned to locate oiMids U.S. iMer gnOuebon TNs tnckidad «iom wtw would 
Bbmea at jom tha Pmce Coips. as wsH as oltiars who mre p^nrang to ration to Ihm courtry attar tamporwy resi- 
dencasrisrood. About 1i poroantof oombNiadU S. mdlorei^cAzamwiiihU S doc&jratesptenad to locate ^iraad. 

•N^NnalScMnoa Foundation. AwiM^anrSoaiMtt and £^ 4 SMy o/ Oivacter- 

tmx and AmjOiK {HSF 73-302) (Washmgten. D C 20402 Supt of Docunmite. U S. GoMnvnw« PraM^ Oftea) 
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equal these estimated average annual figures for 1974-76.'° The latt^ 
assumption is of fairly minor importance in tfie ovarali (vojections. A 10- 
percent change in doctoral immigrants charrges the prelected 1987 doc- 
toral labor force by 0.5 percent. 



Field, Mobility 

Many scientists and engineers work in fields other than those in which 
they eameo tt>eir doctoral degrees. These movements must be considered 
in any prelection of supply by field. A National Academy of ScterK^es (NAS) 
study documents the extent of such mobility for Ph.D.'s active in 1973.'^ 
Since then, NAS studies of more racent data have found that these 1973 
patterns of mobility have persisted.^ Tlie protected supply of new scientists 
and er^ineers has been adjusted to r^ect tf« pattern aH fiekl-switdilng 
observed for the 1973 doctoral labor force.^^* This adjustment method as- 
sumes (1) all field-switching occurs immediately after recefpTVf the doctor- 
ate and (2) mobility after 1977 will remain stable at 1973 levels. These 
assumptions are net^ssary because the NAS stud«s deal VMth ojmulative 
motility and do not ifKjk:ate when indivkluals change fields or hcMv often 
they switch. The effects of these adjustments for mobility on projected 
1987 supplies of doctorates are relatively small, ranging from a littie more 
than 1 percent in tfw life sciences to 7 percent in the mathematical sci- 
ences. 



Attrition 

Those wtK> were employed in 1977 and who continue working durii^ 
the prq^tk>n period constitute a principal component of the 1982 and 
1987 supplies of doctoral scientists and engineers. Attrition from Ihe labor 
force may result from death, retirement, or voluntary withdrawal. 



" Tfie doctoral averages ware as UMotn Prtysiul soeniistB. SOO en^naers. 400 mattmnMcal soerirteni. 300 
Me »:ie««isic. 300 and soaai sowmste. ZbD SctarOsts and sngmaers mta daaihad as Mmg m ^xiruge occupa 
i«3ns unM 1973 Unless ttus cJassrficatxn is restored. &B mMra^aton is urtWiely to rehMn to the high 1967 72 tevats 

' National Research Coiffio) Faki UatMir al Oixta/0 ScmiiH^ mxt b^mets i^Nul^ngltan. D C^^ 
1975) 

" Nationa) Research Councri Doctoral Scwtlists and Bt^^ir^ars m the (JMsd Se^s. 1973 and ?975 Prohles 
Mid Sc«wee, Engmewmg. Human^es Doctormmi m m IMuteti 1977 Pn^ iViBstmgm. D C ) 

" This « done by n»ja$itying mach vector al Kinual Si£ docsoral atwards by tms dy >> it^u repreaenttr^ the 
1973 du^iiM.''ion a eU active doctoratw by Md o* dapee and fieki a* erf^tioymenl 



TaMe 2. EBttmaM c o iii Mo B d Mh and wttro we nt nUm of tfoetom leliitfm and 

m^iaora by Md «Ml floMor o9 M^rfoyment: 1877-87 



I^T iri M ri ir» ■» a n I 





Phys^ 








SocKd 






En^iOQfB 




screntsts 


8C<entiste 


Acacteinia' 


1.5 


22 


1.6 


23 


15 


BifSifM&/^ic&»try ...... 


16 


IS 


21 


2.8 


23 


Fecter^ Government — 


*1,5 


1.5 


2.4 


27 


29 




15 


1.5 


2.1 


3.0 


29 



' RMes derived after apptyifigBse-spsorficrTXXtMy rates to Miimaled VrTTai^AflMiution and Msummg that 
lacuRy rstra ^ age 66 

SoiHce: NMonal Soenoe FotmdMon 



■ Losses from the 1977 doctc^al labor force, summarized in t£^ 2. 
vi^re projected (Xi Xtm tmsis infcmnation, most of «^ich is unfxjt^i&hed, 
from the Teac^iers Iterance and Annuity AssodaticKi (TIAA) and the Bu- 
reau of LabcM^ Statistk:s (BLS). For cx^e^ staff, estimates of future losses 
from death were mac^ using age-specific mortality data from TlAA artd 
estimate of the a^ distrttHJtioi of f^lty in 19^ from an American Coun- 
cil on Ecfcjcation survey. The projections assume that rettremeti|^ for faculty 
will oc^r at age 66. This assun^)tf(Ki was based on TIAA informatkxi on 
when faulty begin to r^^e anr^Mties.^ Recent Federal legislation raising 
the mandatory retirement bqb may result in a higher avergige academic 
retirement age after July 1 , 1982. The possit}ie effect of tliis legation is 
unclear b^ause s(Miie evidence indites ttiat many faciNty have re- 
cefiliy termed to retire earlier than fiK^Jlty (fid m tfw past. For doctorates in 
otf^ s^(»^, 3LS estimates of 1979 cteath and retirement rates for ^3e- 
cific occupations, e.g.. biolo^sts. ea)rK>mists, chemical engineers, were 
used to estimate attiition betv^en 1977 and 1987. The BLS rates were not 
specified by degree level {tatAe 2).^ 

** Tett:hers hisurmce and Annufty ^soe m on The f^mctfiam (New York. January 1S76) AnmiM drattis and 
r^emanls ot 1977 lacuNy were c^^uMad usng the mtormation ^ove. The fac(^ ^iticn rates reponed m tat>te 2 , 
iwera derived after Ihoee McUMora Thwa ditivad rales are presented for puptmet o( conpertf^ ivith rates tor 
other sectors tfeH awra used <kre(% hi ttw catcutMon of Mntmn m those secnrs 

" The hnpad of Federrt Ret ' wT>er< L e g a ts lto n m Wighar EduceiWH A Repon of Speoa» Cow mill ee on Age 
OscrmwiiMm »id RMremenl. AAUP SuMdn. SepMntier 1978, pp *81~19!2 

" The rates m ime 2 are those adu^ ised n ceicU^ig i^^on of doctor^m m nonocaOamc sectors In 
some cases attrflson ralM tor a tiroed takt are not the sama m dittareni nonacadennc actors becMOe broau fwtd 
rates were demred by we i ghnng rates tor spac^tKcup^ors (e g . chemsts and geoiogisis) and sectors differ m the 
aiT^itoyinM d ttJ nbuNoi i of these ocGupatnrv. 
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Tabto 3. Full-tfme Mior force of cioctaKal sctenttete and engtoieers: md 1987 



I In thousanctei 

















Denvatfon of 1962 afKl 1%7 




Physical 








Socud 


labor f(KC8 


Total 


scimices 


Engmeraig 


sciences 




sc»nces 








1962 






Ery^>loyed fuB-time in 1977 


277 


69 


44 


20 


70 


73 


Fug-finre entrfl^s. 1977-82 ... 


110 


19 


19 


7 


29 


35 


Graduates' 


114 


20 


20 


7 


30 


37 


Part-lime or not seeitrf^ 














entpioyrmnt 


4 








1 


2 


Net migration , 


& 




2 




2 


■ -2 


Nnrmgratm 


10 


3 


3 


1 


2 


2 


Emigratron 


16 


3 




-1 


4 


r 4 


Attfitron 




5 




2 




— 


1^ fuM-t»me labor force 


352 


63 




25 


68 


97 








V 1^7 






Fufl-time entrants. 1983-^7 


102 ] 18 




6 






Graduates' 


106 


19 


21 


6 


/29 




P^-tune or not seekmg 














employment 
Net migration 




1 






1 


2 


5 i - 


2 




. 2 




ImrrwgratKKi 


a 


3 


2 






1 


Em*yatKwi . , 


i:^ 


3 


4 








Attrition 


36 


6 


4 


H- 




12 


1987 fuB-time l^w force 


412 




72 


1 26 


1 103 


"113 



' Corr0cied for ftefd switctfing 

Mc^ DeiaH may not add Jo totals because of rounding 
Source Haiion^i Science Foimda^ 
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Projected Su|:^ly 

In summary, the projected 1982 and 1987 full-time doctoral labor 
forces (table 3) equal the 1977 full-tmie labor force, less estimated future 
losses from death and retlremer^ plus aH prelected 1977-82 and 1983- 
87^;tplents of S/E doctorates (adjusted for field-switching), less doctoral 
sm^is earned by those on tenqsorary visas, phjs prpfected numbers of 
immigrants with S/E doctorates. In addition, a deductk>n, not described pre- 
viousiy. is made for the new graduates wtK> are projected «thef not to enter 
the l^bor force or to mak part ^ne.'' (TNs loss is estimated to be approxi- 
mately 8,000 for me 1 977-87 period.) 

The ^^ojected 1^7 full-time (kx^sA labor force of 412,000 scientists 
and engineers ¥vould be almost 50 percent hi^rer ttian tfie conrparable 
1977 1<^. the equh^alent of a compound growth rate of about 4 percent 
per year. In contrast, SLS project that ttie total civilian labor force will grow 
from between 1.9 percent and 2.3 percent anriually from 1977 to 1985.^ 
The new pro|ection Tor total supply in 1987 (dose to that mcKto for 1985 
in the previous supply and utilization report if th^latter estimate is adyusted 
upward to reflect two additional graduating dssses.^ Projected percentage 
rates of growth of ttie doctoral labor force of scientists and en^neers by 
major field is similar to that reportoti m tfie previous stiKiy with two excep- 
tions.^ The physical sciences now show a higher growth rate, primarily 
because larger prc^ec^ed ^aduate school conrpietion rates that push up 
estimates of future doctoral degrees. On the other hand, tfie social sci- 
ences are now projected to grow nx^ slowly than estimated before be- 
cause miK^h lower current expectatic^is of future undergraduate degrees in 
tiiis field wouU leave a smalter pool of potential graduate enrdlees. 



' 11 s assumad tfi^ in 1^82 1967 lh« proportions o( now graduaias by fiald «4io imM siiha^ 
be iMtanmktfod and not seeksig enifikiyinenl wA be 8qi»l to the oorrespondmg propoiMra (4 new ^adueies m 
1977. TheM propottons ctimged Mtie bMwewi island i977«KC«piinttM>(^iys«c«scwnce8«tierattwy(fl«fcoin 
3 1 percent to 2.4 paioenl. N^Mon^ Sclenoe Founitebon. OmaOohigKa o( Docmni S&en^t and Ei^men m ff» 
UwMd SWes. 1973 (NSF 75^12) (W w twBlow. O.C 20^2 Supl at Oocumer«s. U S Qovammm* Ptmng Offtoe) 
•nd 1977 {H^ 79-»)6$ (Mteshmj^. DC: 20SS0) 

" No» Labor Force Pn^ecMns to 1990 Three Po86*te P«»w. (Mor- ^ lmhx fievmr, Oeoember 1978 

** Nation^ Soence Founctebon. Pircyec^ont of Science and Engineer'/ig OocHifme Supply and UKt/am.n. '980 
and ?99S (NSr "S.aOD.op. ot. p. 2 (ptobetNe model) 

* The fa«Vft(M« aV' wi engmeemig naOH m tatqa pert because new higher aipectaitons o< emigraiion 
cmcel out ttie efiarts ot h ' praiflaons o> doctorat awante 



Chapter 11. UTILIZATION OF DOCTORAL 



The first section of this chapter briefly describes the utilization of doc- 
toral scientists and engineers in 1977, With that as background, the next 
section explains how 1982 and 1987 utilization estimates were derived by 
summing eight categories of S/E-related employment. The two largest of 
these, academia and industrial research and development, are projected 
with linear equations (presented in appendix A-2). based on historical data, 
that relate staffing to demand factors, primarily baccalaureate degrees and 
R&D spending. 

Extrapolation of past staffing trends in the five smaller nonacademic 
categories furnish employment estimates for the remaining sectors, ex- 
cluding postdoctorates. 

Projections of the numbers of new doctorates who are hired for S/E- 
related positions by S E field and category during the projection period are 
also discussed in this chapter. The following summarizes the components 
of the model used to project doctoral hires. 

1987 doctoral utiiizatron 
less 

1977 doctoral utlll^atlon 
plus 

1977 87 deaths and rettrements 
(.■quals 
1977 S7 doctorates hired 

Hiring for 1977 -82 is projected using comparable components 

1977 Utilization 

There were about 300,000 doctoral scientists and engineers in the 
United States in 1977 (table 4) Of these, about 13,000 were retired or 
unemployed and not seeking employment. About 3.000 S E doctorates, 
less than 1 percent of the doctoral labor force, were unerhployed and seek- 
ing work. These deletions left about 285.000 employed S E doctorates, of 
whom about 10.000 held postdoctoral positions. Of the 275,000 with per- 
manent jobs about 93 percent were in full-time positions. The five broad 
S/E fields varied somewhat in the prevalence of part-time employ- 
ment, with the social sciences having the largest percentage, be- 
tween 4 percent and 5 percent,^' and engineering the smallest. 
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SCIENTISTS AND ENGINEERS 



about 1 .5 percent employed part-time. Whereas there was little in- 
terfield variation in rates of unemployment, the proportions engaged 
in postdoctoral study in the physical and life sciences were much 
higher than in other fields. 

In 1977 universfles arKl colleges accounted for 57 percent of em- , 
pk)yed doctoral scientitUs and engineers, including those who worked part 
time or had non-S/E jobs^ (table 5). About one in four of all employed 
doctoral scientists and engineers worked in industry, either in research arwl 
development or other activities. The Federal Government had the third 
largest employment share with between 4 |:^rcef)t and 9 percent of those 
employed m each broad field. The remaining large category of employers 
was nonprofit institutions which accounted for between 4 percent and 1 1 
percent. Such employment was concentrated in the social sciences, mainly 
because of the over 5.000 Ph.D. psychologists who worthed in hospitals 
and clinics. 

Job of^rlunities and changing career interests lead some S/E doc- 
torates to take employment outside their field of training (table 6). The frac- 
tion switching fields at some point after receiving their doctorates ranged \ 
in 1977 from one-fourth in the physical sciences to one-seventh in the life 
sciences. These fracfcons include those who moved within S'E fields as 
well as those taking non-S/E employment. The latter totaled about 23.000. 
including part-time vworkers. Of the five categories of S E doctorates, phys- 
ical and social sciemists showed the highest proportions in non-S/E activi- 
ties. Unpublished NSF data from the Survey of Science and Engineenng 
Doctorates indicate that only a small fraction of those who leave science 
ana engineering were unable to find S E positions. Much of the loss from 
S/E doctorates not working in science and engineering in 1977 was com- 
pensated for by non-S'E doctorates taking S'E positions This is particu- 
larly true in the social sciences whfire three-fourths of all individuals with 
non- S E doctorates who hold S E jobs were employed ' 

^* *' ijr. (• <»*t:: «,t' i-!it ■' • *' : { . t*i !s »^ ;t,|ft "If ^ 'MS/'rtt.i: x :'Aiif'«#'ri 

'I U t.. * t'.iJ 'H . HiLfltl- . \ 

i»hi* .. »'/M>*.f»rM-g jf.ij : • J .i • V » .i t-'t-^ -^v rf^f^ "a;* S { ^fH^-'-i'*" ^-f** 
{it)s !« ♦■SI- :/".:kjiI nr.s ?w ; .iJc ;<< •^'^J.'< . .j XOl^ 'tfjr'-.i ^ ' ,ut^*\\ h <r«iJ (i«-»i'H »fjMU'f Iff s 

/ < .{'ii 'M'f' '^'S JH'.* •<fl-f M' ii'i : M.' ..pn i-'.f 0' .l«»f,«tt 1rf.fH|lKi» 

^"<i i ft''- ■ r ! 
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Table 4. Labor force end en^rioyment status of e^tic ^wgl ne wln g 
doctorates by fMd of de^m: 1977 



Empioyment 










Matfierm^cai 




Soct^ 


status 


..J 


Total 

..J 


sciences 


Engineermg 


sciences 


sciences 


sconces 
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Total in popufatK)n 
Not in labor force' 
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Full time 

In sc»orH:e or ongr 
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engirTeering 
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Tot«jf in tatxjf force 

fcmfiiuyed 

Full fime 

tn science ur 
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13 


76 
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47 
1 


21 
1 


7B 
5 


82 
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71 


45 


21 


73 


78 


275 
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45 


20 


67 
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66 


44 
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60 
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3 
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61 
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63 
6 
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1 
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100 
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100 
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1 
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1 
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' Rft»ft*d v( fit)! St*t'fcjnq t*rTHi<uyfT»'n! 

Noiv Def*iiK may nut acJd To totals tn^^ auM' fo'incJing an6 omission *ji c ategory No Report 
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T^Ne S. Sctence^ ngi n o a rin fl ctoctorMes by se^or off ai n i > toyment and 

fiaM ot (topw: 1977* 
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47 
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153 
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' tncM^ p^ t^ne lyoJliers 

' Includes staff of fectefaWy funded . esearcti and development r<Hnefs and 2.000 eiemefHary and setondary 

SCtUKli Staff 

fy^ote Detail may not add to tot^ because of rounding 
^xjfce NalMsnal ScierKre Foundation 




Table 6. Raid moltWty ai ampioyMi doctor^ adanttats and tmgifiaare: 1977* 
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100.0 
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7.734 


100.0 


4.1 


25 
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' Irtdudes paf^-ttrne wcxkers 

Noie Pfif cento may no acM to 100 because erf rounchng 

Sources H^kh^I Research Coimcrf and National Science Foundation Spre^ of dtx^or^ «Mtn noi^^tence donees based on t976 IWC report 
fmkf WoO//rfy Enpertenced Sctermsts and £n^ne^$ 
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1382 and 1987 Utilization 



The Projection Model 

The projections of S/E-rdated full-time doctoral utilization treat aca- 
demic federally funded researcfi and devetopment centers (FFRDC's) per- 
scKinel sepiarately from tire main txxly of academic staff as are postdoctor- 
ates. Similarly, docto-ates employed in industry wfio are engaged in 
research and development are estimated apart from those who are en- 
gaged in other S/E activities. These disaggregations result in the following 
eight categories of S/E employment: 

Regular acattemtc staff 
Academic FFRDC staff 
Postdoctoral staff 
Industrial R&D staff 
Other industrial staff 
Federal civilian staff 
Other governmental staffs 
Non(yofit institutions staff 

Estimates of those doctorates who are likely to have nwi-S/E jotjs in 
1982 and 1987 were derived by taking the differences t>etween the sums 
of these eight categories and the projected lull-time labor forces in each 
broad fiekt. 

Two considerations determined tfre method us^ to prqect each cat- 
egory of doctoral employment, (1) the number of years for whk:h emptoy- 
ment data are available and (2) whether past emfioyment levels couW be 
explained by reference to a demand factor such as R&D expenditures. For 
the two largest employment categories— (regular) academia" and 'indus- 
trial R&D" — there were sufffcient numbers of years of data^^ to allow 
regression analyses whteh found strong statistical links between employ- 
ment and demand factors. {See appendix A-2, pp.30 and 31 for employ- 
ment equations.) The results of those regressions provkled a basis for es- 
timating future total S/E employment (including nondoctoral). From these 
totals, estimates were made, using the methods described below, of the 
number of 1977-87 S/E doctorates who are likely to find regular academic 
and industrial R&D positions. 

For the remaining five categories (excluding posldcxitorates). data Hm- 
itations or the apparent absence of meaningful demand factor-employment 



' I'lis ( <if<^(Ky ificludfs li small («>jdt).ti lesf. than 600 m 1977 at S f: doctnates elsewhere f.iassilied 
t qfit yeati, (lom 1*5 10 1976 m academia and 19 yeaii 1967 to 19/5 (m indusinai R&D 




links dictated the use some a^her pro^ec^kxi method. The chosen pro- 
cedure was to extmpoiaAe past trends in doctoral empbyment by broad ftekj 
in each category. The extrapolations assume that condltkHis v&vdn may 
have accounted for the recent growth in these categories erf utilization, e.g.. 
an ampie sj^sply of n^ ckx:toFates. wnll continue in the future. Estimates of 
the nun^i^rs of r^ doctorates findir^ these five types of S/E emf^oyment 
during tfra (Section period w«re derived using actual 1977 ckx:t(^ai staff 
totals, estimated attritkxi rat^, and the projected 1982 arKi 1^7 levels of 
staffir^ ^ocfcjced tsy the extrapolations. (See p. 21 for a description of tfie 
prpjectk)n of postdoctoral positions.) 

A few assunr^tions are im|:^k:tt in these pr(^ecticms of utilization. A 
steadily expanding economy wouM be necessary to support the high annual 
growth rates in real R&D spending whk^ are used in the pfOfectk>ns of R&D 
empkjyment in indus^. it is also assumed that doctorates currently hokling 
permanent S/E-related positions will not switch to non-S/E empk)yment. This 
assumption is important in projec^ng the numt^ of new (toctc^ates finding 
S/E positkms between 1977 and 1987 (table 7). 



T^lrie 7. Pro|«cted new OoetwrmeB Mred for futf-time 
science or engtneeHng positions^ 

jln ttwusandsj 



Category of 




Physca^ 




h^tetftiefnatfcd) 


Life 


Sooal 


employment 


TcHal 


sciences 


En^rwermg 


sciences 


sciences 


sciences 








1977-62 






Total 


67 


15 


12 


3 


18 


19 


Umversities and collets . . 


20 


4 


3 


1 


6 


4 


FFRDCs^ 


1 


1 










tndu^ R&L) 


14 


6 


5 


1 


2 


1 


kxhx^ry. other 


9 


2 


2 


1 


2 


2 


Fecial Go^mment 


7 


1 


1 




2 


2 


Other cK'ver rwnent 


3 


1 


1 


1 


1 


2 


f^pfoftt tnstftutrons 


13 


1 






3 


8 








1963^^7 






Total 


61 


15 


9 


3 


16 


17 


UnivefSft»es and colleges 


16 


6 




1 


1 


7 


4 


FFRCX: 


2 




1 


j 






Industry R&D . 


13 


5 


4 


1 : 
» 


2 


1 


tr^^ry. otter 




2 


? 


1 


2 


2 


Feder^ (kivernmerrt 


7 


1 


1 


1 


2 


2 


Otfref goverrwn^ j 


3 






-- ! 


1 


2 


hk^f^c^it instftutims 1 


9 


1 


i 

1 




2 


6 

















• F*cliides poskkx:<draft*s 

' f edefdtfy funded researcti and dt'veiopment ( tmt»^s iidmin«- ti-u*<i untversrtirs 
Note Detail may not add to fecials hetaust' t>l rourw^ng 
S<H^rf* NatKinai Sctemv f oundalion 
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The projections indicatB oontinued steady ^xiwth in the total nunit)er 
of S/E positions held t)y doctoratos. 

WitNn these totals, a shift away frcmi the traditionitf dominance of col- 
let and universities is expec^ed.^ Acadmnic employinenl— tfie sum <^ 
regular positions, postdoctorates, and FFRDC staff--may account for only 
40 percent of all fuH-time S/E doctorates in 1 987 (te^ 8). About 23 percent 
0^ S/E doctorates would, according to the projeii^ions. wAk in industry in 
S/E-related positions— the ^m of incfcjstry. research and development and 
industry, other— with the higher percentages so emfHoyed being in engi- 
neering. 44 percent, and the |:rfiy^cal sciences, 36 percent. No other cate- 
gory of S/E employment is projected to account for more than 9 percent of 
S/E doctorates either in tc^ or in any of the broad fields with ttie exception 
0^ social sc^ntists in ncH^irofit instituti<x^. 

A comparison of the distribution by type of employment of the 1977 
labor force of S/E doctorates with the distribution fyojec^ for new docto- 
rates holding S/E jobs in 1987 provides a rough indication of ^ployment 
shifts. It Is estimated that about 130,000. or 70 percent df the 1977-87 
new doctorates who enter the full-time l^3or force, will have regular S/E 
positions in 1987 (table 7).^' (Of the remaining additions to the full-time 
labor force about 10.000 would be postdodorates in 1987 arxi ^xnjt 
45.(KK), or 25 percent, would have non-S/E jobs.) Only about one-third of 
the S/E-employed are projected to be faculty or academic FFRDC staff 
as cofT^red to 57 percerrt of S/E doctorates in the li^ force in 1977.^ 
The estimated share of the next largest employer, industrial research arKi 
dev'^io^ment, is one-fifth as compared to about one-sixth in 1977. The 
mofit marked expansion is in nonprofit institutions whk^ are p>f ejected to 
account fm about me in six of new S/E-employed dtx:t(^ates, in contrast 



* The (oltowing percent^es con^me onty 1967 S/E enpto^men to the 1987 fua-time labor force. Ttese f^iwss 
are not compartftla to ttiose m t^tte 5 wrfiK^ contpsre total 1977 doi^oral smpic^rnimi. inclwling r>on-&E, to the 1977 
(u«-Kne milk force 

For purposes cc r^jiititfnn. itus asstmes ttm no doctorate en ^ jto y ed m an S/E posibon m 1977 wit) f»ve a 
non-S'E fOb m 1967 and ttisi only U S (padue^ w# enter S/E positions Aming ttw (»a)act»ti parrad The latter 
mpbes ttHM toreign-tr^ned irmnrgranis ««M Imd onty mm-S/E emptoymef^ V\m mettiod al estmubon atfso asiumn 
perfect sut>sti&4alMMy of sctertti^ and engmee«s acrtm age groi^ and does not cora«ier wtiettwr certaiii ievafe 
a) experience are necessary tor some posttHms. 

' The M distr^ions are nol s&ictty con^Nvs^ The 1977 f^ires are percet^ of aK SE doctorates in the fuit- 
MT» force, mcbJdHig thc»e wNh non-S E jots The 1967 hgares refer lo perc»nts of 1977-87 graduates 
tnckiAnq past<iocu»»ie&. who are protected to hoM fuM-tme S'E |obs 
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to or^ about one in fifleen in 1977. Tl^ growth «NN4d oonSnue 1973-77 
trerKte in nonpcofit en^)loyment.^ The projection techniques used bi fi» 
study indicate that indi^try may expand its non-R&D emptoyifnent of doc- 
torates to account for 14 percent Qf new Ph.D.'s engaged in activities 
in 1987. about double the 1977 share. 



IHSF 7M12). 1975. (NSF 77-309) (Vyashtngton, D C 20402 Supl. of Documents, U.S. GoMmir«nl Pm«»ng Offwe) 
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Toblo 8. Pre)Mtod fuV-liiM utMntfon of •ctaim/9i^fiMrliiB dotlCMStBi 
by cMsBory of amptoymetrt; 1tt34n^ 
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Social scianoes 


































^nrfMnt 

f^^H Win 








f^roent 




Nufnbef 






Peroent 


Nurrbar 


Pfff»il 
















1882 












Tot^ ..... 


a52 


100 


83 


100 




100 




25 


100 


M 


100 


97 


100 


IMivers^ies and coUe^s 


148 


42 




36 


14 


26 


13 ^ 


52 


40 


62 


46 


47 




136 


39 


27 


33 


14 


25 




13 


52 


40 


45 


45 


46 


Po^doctorates 


10 


3 


3 


3 




1 








6 


7 


r 


1 


FFRuCs' 


7 


2 


4 


5 


2 


3 






1 










^¥3^M&ri MD 


60 


17 


25 


30 


21 


36 




4 


16 


7 


s 


3 


3 


inAtttry, <^hef 


24 


7 


6 


7 


6 


10 




2 


8 


5 


6 


7 


7 


Fed^nri GovemfWfil 


26 


7 


7 


S 


5 


9 




1 


4 


8 


9 


6 


6 


^ovofiimant 


10 


3 


1 


1 


1 


12 






1 


3 


3 


4 


4 


Nof^ofii mstttutions 


27 


8 


4 


5 


2 


3 




1 


4 


7 


8 


13 


13 


HonscmnoeF 


50 


14 


6 


7 


7 


12 




4 


16 


12 




18 


19 








. i 








1987 










r - 


Total 


412 


100 


95 


i(X) 


72 


100 




28 


100 


103 


100 


113 


100 


UrHv^^tos and colleges 


157 


38 


33 


35 


14 


19 


13 


46 


SO 


49 


47 


42 


Re^ar 


146 


35 


30 


32 


14 


18 




13 


46 


44 


43 


46 


41 


Po^doctorates . 


11 


3 


3 


3 


1 










6 


6 


1 


1 


FFROC'8' 


8 


2 


5 


5 


2 


3 






1 


1 


1 






Nk««ry R&D 


68 


16 


28 


29 


24 


33 




5 


18 


9 


9 


3 


3 


lndu^ry» other 


31 


7 


7 


7 


8 


11 




2 


7 


6 


6 


9 


8 


Fed^al Govermient 


31 


7 


7 


7 


6 


8 




1 


4 


9 


1 9 


8 


7 




12 


3 


1 


1 


2 


3 






1 


3 


3 


6 


5 


Ftorpr^ ratftuttons 


34 


1 ® 


5 


5 


2 


3 




1 


4 


9 


9 


18 


16 




70 


i 


9 


9 


14 


19 




6 


21 


16 


16 
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*Fedora8y funded rmmnsh and dovelopmeni centers adnwwtered by universities 

' IncMes tnvokirrtary imn^stoymem 

No^ DeiaH may no( add k> HA^ beca&^ of roundmg 

Soiffoe Ntfion^ Scwnce Foimfte&on 
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Academic Staff 

The initiai step in FKojecting tNs cate^jry of utiHzaJjkJffvi^ to couple 
historical relationshrps, t)y major field, between fun-time^icad«nk: Staff (ex> 
eluding ttiose in FFRDC's)^ and numbers of baccalaureates awarded*^ 
(an index of tesK^hing loads) wi^ NSF projections o^ degrees H> obtain pro- 
tected full-time staff by broad field in 1982 and 1987. This step assumes 
that past assoctatfons between degrees and staff will not change over the 
projection period. (As explained below, this procedure was not followed for 
ttie social sciences. See appendix A-2 for a discussion of how use of var- 
ious independent variables— such as baccalaureates in a single broffii field 
or total S/E baccalaureates— in the projection equations affected the proj- 
ected staff levels.) These estimates were tl^n adjusted to exclude post- 
doctoral st&ff.. 

The next step was to estimate how many 1977 faojlty rr^mtsers would 
^ive in 1982 and 1987 in order to be aUe to determine how many 
new faculty would be required to attain prqected levels of fuH-tinw staff by 
field, in estimating faculty attriticxi, it was assumed ^t all 1977 staff would 
retire at age 66. KMality was estimated from unpuMi^ied data on death 
rates provided by TIAA arxi on age distnbuti(»i by broad field from ACE. 
Subtraction of tho 1977 faculty by field, reduced by projected deaths and 
retirements, from estimated 1^2 and 1987 staff levels produced esti- 
mates of faculty hires during the projection period. It was assumed ttiat all 
new faculty in doctorate-granting institutions would haye Rh.D.'s.'*^ For 2- 
ar>d 4-year schools. ACE (x»i<&jcted a special survey far tfiis study to c^- 
tain estimates by field of tf>e proportions ' 1976-77 appcNntees who had 
or would soon receive doctorates/^ These proportions were increased by 
10 percent to reflect the limited upgrading of staff credentials anticipated 
by the respondents to the ACE survey and multiplied by estimated total 
hires by broad field and type of institution to project 1977-82 and 1^3- 
87 appointments of doctorates to 2- and 4-year oHIege faculties. 

* The^ historical reiati<jnsNp<> ««rs derived unng «me series data M(t«ch ag^egMe posfttactorales ««^ leg^Mm 
a&adflmir slaW 

' The iistorical assoctaltons ««fe derived from repassfon analysis tn only one tiakl was it also p(»s^ to erter 
the number o< docicvKl^ awsded mlo the rs^essior». pnmanty because ot the coMineafity b^wreen r^Ai^wrs of 
ttachetoi ^ and Ph 0 degrees 

the insuff«i«)fKy oi data on ninbonwxte under^eduale SfC course ento^mmn by ftetrt pttTiudsd ustng ertroH 
mer4& as an independent variabte in ttie recessions Thrs lacfc mtormation also iMjed out the use til stuterM-faculty 
ratios B common method o* e^tmuAng faculty requ»remen.s 

Bec<Mi$e ol the limited nunber o( observattorK (8| on acactenuc staff, it was also . lol poss^ to irx^ide academe 
R&O spervfeng as an mdepem^r^ vart^Tte 

" A 1974 NSF study found that nondoctorates twtd onfy 4 percent of an ltd tinw tacuify p(»ilions in IS seiacted 
S E fields See National Sowice Foundation, \foung end Semor Science and Bngmemmg Facu/fy. 1974 Support. 
RmSMrch Parttcipmtion and Tmiure (NSF 7b^S0!) (Wastun^on. D C 2O40? Supt Documents. U S Government 
Printing Off^ei 

' Fiar* J Ateteek snti I'ene L Gombcig N0w fia Time Facutt^ 1976 77 Hving Paneins by FmM and E<tu 
caf'oria/ Mmnmem fWashin^on 0 C Ang lican Councti on Education. Mnrch 1978 ) 
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The pn}je(M total 1987 doctoral S/E fufl-tftne faculty 
percent f^gher than the figure for 1977 (^)ie 9). TNs increase wouM have 
been smaller if social sciences fsKXJlty were expected to drop along w^ 
social sciences baccalaureates. Recent NSF surveys,** however, found 
that staff in tfiis field grew from 1975 to 1977 In spite of a sharp decline In 
bachekjr's degrees in social sdences. Consec^entty. It was assumed that 
total social sciences staff will remain constant during the prp^dion period. 
Because Of antidpated upgrading, however, doctoral staff is prpjeded to 
grow by 5 percent in this field by 1987. The numlser employed full-time as 
mathematical scienoes faculty was negatively related to the number of bsc- 
calaureates siwarded in tf^ field but was positively related to total S/E 
bachslor's^degrdes, probably r^ecting tfte role of such faculty in teaching 
students rhajoring in engineering and mfier fiekte of sdence. Because of 
this finding, mathematical sciences staff, both total and doctoral, is proj- 
ected to remain roughly unchanged in s^te (rf antic^ted declines in bach- 
elor's degrees in tf^ matf^matical ^erK^es. [^x:t(Kal f£K:ulty in engineer- 
ing is prelected to grow slightly. wheree» prpfections for the physical and 
life sciences indicate about 20 percent expansion of doctoral faculty by 
1987. 



NaUonal Sc«»nC8 f oinxkrtHin Oefa^ Siatr^fc^ Tati^ Alanpotm Rwfoi^ces fof Scrnmifc Activmes si 
Uni¥»satBS and Coi^O05. ^numy 1977 {HSf 77-321 MWasf^ngton D C 20&50} 



Tribto 9. Nuflrtwr find fMremA change In fui-ttnw doctoral 
sctontiats/mginoers en^rtoyed in unh^rsftiM and 2- and 4-yaar ccMagea^ by f Md 









Percent 




Percent 








change 




change 


Field 


1977 


19B2 


1977^ 


1987 


1982-87 


Total 


131.0OO 


138.000 


5 


146.000 


6 


Physical sc^r^tsts 


24.500 


27.000 


11 


30.000 


11 


Er^neers 


12.700 


14.000 


10 ' 


14.000 


0 


MathefT^tcai scwHists 


12.600 


13.000 


3 


13.000 


0 


Lffe saeitj^s 


37,400 


4' .000 


7 


44.000 


10 


Social scenttsts . . 


43.800 


45.000 


3 


46.000 


2 



Exckides po^doctoretes and staff d fe&stsMi funded research and devetofinien! comers 
Haie Oetas^ may not add fo fotirfs becausis o4 rtxHxUnq 
Source N£^iOf\al Saenc^ Foundation. 
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Industrial R&D Staff 

In 1977 indusuial R&D positions acoHinted for 16 percent of full-time 
employment of S/E doctorates. This sfiare is projected to be tfie sam^ in 
1987. <>' ♦ 

Lack of relive data on the proportion of new in(fcjstrial R&D employ- 
ees who have doctorates dictated a change from fhe order of steps fol- 
lowed in projecting doctoral utilization in academia. For research and de- 
velopment in industry, estimates of doctoral hires were derived frofn 
prelections of total employment S/E doctorates in 1982 and 1987. 

As the first st^. the historical nslationsh^ between full-time-equiva- 
lent (FTE) R&D scientists and engineers and constant-dollar R&D expend- 
itures in major industries, e.g.. chemical and allied products/* were statis- 
tically estimated using regression analysis (appendix A-2). 

Estimates of fuM-time employment by major industry in 1982 and 1987 
were produced by conlbining the regression results with the Foundation's 
estimates of future industrial R&D expenditures by major industry.^ These 
estimates were summed to yield projected total employment (over all in- 
dustries and fields) in 1982 and 1987. The pr(^x)rtion of these totals who 
would have doctorates was estimated from the comparable 1977 fraction 
(.129). This proportion was adjusted by multiplying it t)y 1.1 to reflect the 
limited amount of future staff upgrading anticipated by R&D directors re- 
sponding to a recent NSFpoll."' Multiplying the adjusted fraction (.142) by 
the estimated 1^2 an<S 1Sfe7 totals derived atx)ve produced prc^ectioris 
of 1982 and 1987 doctoral scientists and engineers for all fields awnbined. 
These projections were then disaggregated according to the 1977 distri- 
bution of S/E doctorates by broad field in this category of utilizatitKi. (This 
assumes that doctoral employment in all fields will rise by the same per- 
centage (30) in the 10 years 1977-87). This procedure produced prc^ac- 
tions of 1982 and 1987 employment of S/E doctorates by broad field in 
industrial research and development. In the next step, use of BLS occu- 
pation-specific attrition rates allowed estimation of future losses from the 
1977 S/E doctoral work force. Those who were projected to be still em- 
ployed in 1982 and 1987 were^ubtracted from doctoral staffs by field in 
thos©4wo years fo yield estimate^of the numbers of S/E doctorates hired 
in 1977-82 and 1983-^7. 



* lfidustfn»s sf)tM:jfied a( 1^ ? dtg«t SIC code it*^ei 

** N*iIionij} S< lefice f oufida««in H&D f untying Pf(^tfftns jNSF 76 314} iWabfwigfon D C 20402 Sup! 

oi iMn uments U b Govtfrnmem Pnnfing (^tficei Because relaHvp^y few have part Ume jobs tn induslffal research 
arid devok)f>fTM'fif trie pro|<»ctions rtroi^ tN? fiibl«fic1?on bofweef) FTE arid fuH time ^pkiynwrn 

' NdtKmal bciWKe FfMjndaltcm Scmricf* HescMifcos Siud'es HighftgMs Uttli/ation of Scie/ice and f n^>eef»n(^ 
f)f#f Uifdl#»*p If. lfKlti*,iM,#i Hebeaufi arid Dt»viHoi^-f»! iNSf 78 3U1 m Washin^on DC i*Obt>0 April 11 1978i 
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Other Categoric 

The remalrvng five categories (exdudng postdoctorates) of S/E em- 
ployment—the dviilan component of the Federal Govonment. nonprofit 
institutions, that part of industry no^ Included in industriai research and de- 
velopment, "other govenwwit,"*® and FFRDC's administered by uni- 
versities—accounted for about 20 percent of the utilization of S/E docto- 
rates in 1977. This share e projected to rise to almost 30 percent of tfie 
1987 fuy-time labor force of S/E doctorates. 

A brief summary of ojrrent trends demcmstrates why these categories 
are projected to increase their share doctoral employment/' The Federal 
Government, the largest of ttie 1977 en^jloyers considered here, ac- 
counted for about 7 percent of tfi^'977 labor force of S/E doctorates. Fed- 
eral civilian doctoral employment Increased from 1 7,600 to 21 ,400 between 
1973 and 1977 while Federal staffing of total scientists and engineers re- 
mained stable, resulting in an increase in the proportion of the civilian Fed- 
^al S/E workforce with doctorates from 1 1 percent to about 13 percent. 

Industry expanded utilization of S/E doctorates in activities other than 
researdi and development by almost 70 percent between 1 973 and 1 977— 
from 12,500 to 21, (XX). Unlike the Fecteral Goverriment, FFROC's, and 
nonprofit institutions, industry employed many of its S/E doctorates in non- 
S/E activities— an estimated 5,000 in 1977. or one-fourth of those not in 
research and devek^mient. 

In 1977 nonprofit institutk>ns. including hospitals and clinics, had al- 
most 19.0CX) S/E doctorates on ttwir staffs, about one-half more than four 
years earlier. This increased this category's share of tfie S/E work force 
from 5 percent to 7 percent. The most dramatk; growth in this sector was 
among psychotogists who went from 4,900 in 1973 to 8.700 in 1977. pri- 
marily as a result of hiring by hospitals and dinkJs. 

During 1973-77 employment of S/E doctorates in "other govern- 
ment' empk)yment — State, kxial, military, and Federal Commissioned 
Corps — rose by almost 30 percent to comprise about 3 percent of total 
1977 utilization of S/E doctorates. atKHjt the same share as in 1973. This 
category accounted for about one-fourth of all 1977 public emptoyment of 
S/E doctorates. Approximately 10 percent of S/F doctorates in "other gov- 
ernment" were engaged in non-S/E-related activities in 1977. 

*• stale local. mHrtwy and Fodw* Comnnistoned Cofps {e g offcefs m PuWk H«iiit(i Sef *icei 

*' Time sefies data on emptoymeni of doctoratss we very Umltxl m alt live secii^b min ihe «iic»p<>on o» avH 

demn FfRDCs The cfiief soufces o< infofmaJion are me !973 1976 and 1977 Sufvey-, of Doclofate Reciptenlb m, 

(epoJted in Naliona! Academy o( Sosfices Oocloral Sciantists amj kttgiir&ws in the Ikvted States i Wasfiiriyton D (; 

20418) FFRDC data a'e tfom the Nafionat Science Fouwlalions senei of bur^eys o< scientific and enQifiewing 

pefsonnei at imivefSilies and coHeges for setecKid years 1969 ffv<H»gh 1977 
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Academic FFRDC's employed 3,600 S/E doctorates in 1969, the first 
year that NSF surveyed these centers, and 5,400 in 1977. During these 
eight years, total S/E employment in FFRDC's rose by about or»-fourth to 
13.700. 

Two considerations suggest that factors of demand may not be as 
closely linked to utilizattcm in these cate^)r^ as was fourxJ in inc^strial 
resiearch and devek^)ment arxl academia. First, it is not feasit^e to relate 
future S/E utilization to projections of R&D spending in these categories as 
was done for industrial research and development. No direct link was found 
between R&D spending and total S/E staffing (inclucfing nofKioctorates) in 
the Federal Government and acad^ic FFRDC's in spite of the ccwicentra- 
tion of staff in both cases in R&D activities. Regressior^ did indicate a 
strong relation between S/^ manpower and R&D expenditures in rK^nprofit 
institutions, but only abptit one-half the S/E doctorate in nonprofit institu- 
tiois are er^aged in re^arch arxl devek^mient. A slightly smaUer frac6(^ 
of S/E doctorates in 'V)ther ^emment" are so ^iptoyed. With tfw pro- 
portions involved in research and devek>pment so low. it was deck^ rvA 
to project doctoral staffing in nonprofit institutions and "otfier government" 
on the basis of R&D spending. The second consideration is that no quan- 
tifiable demarKi f^or was f(HjrKl which would explain hiring by inc^stry of 
S/E doctorates for non-R&D positions. 

The seemingly limited importar^e of demand factors suggests that the 
rapid growth of ^npioyment of S/E doctorates in these categories between 
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1973 and 1977 may have been largefy a result of the large supply of doc- 
torates available during tNs period. This allowed employers to substitute 
doctoral for nonctoctoral staff at litlfe increase in cost. This hypothec 
seems most reasonable for those types positions for which doctorates 
are generatty not considered essential. To ttte extent that this hypottiesis 
is valkl, past growth in doctoral staffs may continue through 1987 because 
simHar opportunities for erT^)ioyers to upgrsKie staff should corrtinue 
throug^iout the projection p«4d. On the basis this reasoning, extrapo- 
lation of 1973-77 rates gravAh in uttization^ of doctorates by fi^ and 
categoiy are used to project 1982 and 1967 doctoral employm^ for fotH- 
categories, whereas for the fifth, acaJemte FFRDC's, 1969-77 gr<^ 
rates are used.<^' Because of the short periocfe which provide bases^for 
extrapo!ation of utUizaticm and the difficulties in explaiiting demand for doc- 
torates, less confidence is attached to projections of utilization in tfiese five 
categories than is given to prelection of industrial R&D and acadenr^ em- 
ployment. 

As smo6 filxM, mcta^ gov^rvneni" mptoy nwiy 0o&»am m posums not relslad to 

scwnceandengnMrnig. Th9l07awvJ 1977 bases used tn9Klrepbtalwm for tiwtiwQC^QQormi^^ 
mocoutn lor those 9ngsQfi0 m norvS/E BStf^fmm $othm^fmo tmos vmid reprtseni or^ S/E amptoyniani. 

The tangsr feme period ma i«ed tor exfrapoiaimg FFWC ctodorat ^bK but nol for the o^ier o a tegortos tie- 
cause, f^. 1 969 didaivera not avMtfiie^ the omarloiirca^Qories arid, eeoond, me tongar ^and procfeioad a lowar 
proiectad 1987 st^ m FFmC'S 18,000 v$ BboiM 9.000 umng the 1073-77 &end| The smtf^ figure appemd 
more Mialy m view ot proteeted modera^ ^o«th ^ FFROC wmMuree and me ^nMdy high propoiten of ffWC 
staff «Mth dKitora^ (40 percent m 1977" 
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Chapter III. PROJECTED BALANCE BETWEEN DOCTORAL SUPPL 

AND SCIENCE/ENGINEERING-RELATED UTILIZATION 



The 1982 and 1987 balarK^es betwe^ fuN-time st43p^y and utMzation 
in the market for doctoral K^ientiste and engineers are projected t)y com- 
paring the estrmates of the Ph.D. workfcm In ttiose two years with esti- 
mates of the future ntmifoers S/E K)bs held t)y doctorates (tiM 8). Non- 
SIB ifWization, M^Nch is not prelected dk-ectfy. is derived as tfte cfiffererice 

betw^een me estimates of docloriri supply and S/E utHization. fton-S/E i^^ 
lization thus consi^ those in non-S/E positions and those who may tie 
unemployed. TiriMe 10 summi^es this report's supply and utilization pro- 
jections for 1982 and 1987 and compares the estimated futim percent- 
er of doctorates with non-S/E employment with 1 977 figures." The pro- 
jectior^ indicate almost a doubling in the proportion of the work force in 
non-S/E positkjf^ from 9 percent in 1977 to 17 percem in 1967. AM broad 
fiek:ls. with the exceptton of the physk:al scienoes, are projected to share In 
the rai:^ expansk)n of non-S/E utiiizatkKi. The projections do nc^ descrttje 
where doctorates witti non-S/E jotis rnay wofk or tiie types of activities in 
whk^h ttiey may be engaged. 

Explicit incoiporation of market feedback in ttie doctoral-degree pro- 
jecti<w model dkJ not prevent this projected growth in rKm-^E utilization. 
Factors such as downward inflexibility salaries and the nonre^-mve- 
ness of emptoyers to changes in relative salaries partiy exfjlmn why tiie 
market does not balsmc^ suf^ with requirements. An exan^e in h^her 
eckK»ti<Ki of tire second factor may be found in ttie practice of many com- 
munity colleges of hiring steff on the basis of an applk:ant's f^w;^ ex- 
perience rattier ttian advanced academk; credentials.^ Becmise ttiis 
practice decreased differentials between ttie salary expectaM>r« of mas- 
ter's and doctoral £^}plteants might not strong affect ttie number of 
Ph.D.'s hired by scwne 2-year scfiools. 



Th* 0^r^cd and p«o|ectMl hituf • porcMtages rsflad ■ drffwmn m thg rMKrrenl of academe sUH 
ThaNMoiutfAcadamyafSoenowclastHtod about 10.000 academe scwiMM and angmsere n bsmg angi^ m 
non SC acln^^ m 1977 wtwrsM for B» prc^sctianG « « asamnsd tfiti acadsnM: 8t^ mmmSfE prattons 
N^iorM ftosMTCh Cotmot Samxe. Er^^neermg. and HunwM^ Ooctontms m ttm IMtOmt ^taa 1977 Pmtfe op 
erf 

' Tha concMMion m tmsti an an NSf-tptmaonMl ai^va^ raportatt m AMM* and Gon^Mny. af> o* 



ERIC 



TaM« 10. UtMoM of fUMbiM Mkmct^tof^fnMilni 
docMilitorfimbylWd: 1977, 1flB2. and 19S7 
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In acfc^on. student responses to market conditions may not be ade- 
quate to equate supply and requiremer^ because students receive or^y 
kKomf^ete infbmiation on mivket condMofW. Ancrther conskteration con- 
trttxiting to market imtjalitfice is tttat noneconomk; fmiUxs predontinate in 
ttie cffiBer diok^ of many indivkiuate. Many ^udw^ begin and oonf^)iete 
griK^te Gaining in spite of poor salary pro^iects or even the possibiltty 
that they wW not be able to find jobs in tta^ fiekis. Students in diff^ent 
fiekls seem to vary in their responsiveness to market conMons. For ex- 
itfT^, ttte results of re^resskm ec^iatkMis iodk»te that women in the sod^ 
sderKes are not very response to market conditic^ in deckling whether 
to complete graduate sdiool (appendix A-2, p.28). 

Demand can also (^mnge unexpectedly so ttrat t^nporary shorts^es 
or surpluses occur until supf^ can ei^t. Sudfrsn Iw^mHanc^ nn^t result, 
for example, from suddenly expanded requirements for young researchers 
because of a new Federal R&D initiative. Ar^ the causes above may 
produce short-run market imb^ance. Whether the doctoral market attains 
bstance in the tong run and how titat balance is rem^ied depencte on mar- 
ket forces beyond the scope of ti^ study.^ 



*• For hKthm dooMkm wee m«hm m bttllo y phy unda (Mianl fnanrn*. 




Chapter !V. SUMMARY OF PROJECTION 



Methods 

The methods employed to prp|ect the number of S/E doctorates sup- 
plied to and utilized in the S/E labor market consist of a substerMial number 

of steps. To assist the reader through the^ corr^jiexities. the specific ^eps 
used in generating the projections are summered below. An overview of 
projection assumptions and sensitivity of fincKn^ to variations in tfiese as- 
sufT^jtions can be found in the second part of tfws chapter. 

Protecting th« S/E Doctoral Sufiply 

The supply projectkjns are generated by first est^^Nng a base esti- 
mate for the year 1977»-sfhi8 base-year supply is projected to the target 
year (1982 or 1987) by adding me number of S/E doctorates prelected to 
flow into this market (new (kx4(»ates. immigrants) and by subtracting the 
number of S/E doctorates projected to ftow out of this market (retirements, 
deaths, emigrants). The specific steps used to estimate the target-year 
supply are outlined t)eiow: 

1 Base-year datd for 1977 S/E doctorates are tabulated from data 
a^lected in the 1977 Sun^ey of Doctoral Scientists and Engineers. 

2. New entrants for a brocKl fiekJ are estimated using the foMowing 
factors: (a) the number of S/E baccalaureates; (b) the proportion 
of those baccalaureates who .enter ^aduate school; and (c) the 
pr(^K}rtic^ of tf)ose who enter wtio ultinr^tely con^^ ttie rec^ire- 
ments for the doctorate. 

(A) The number of baccalaureates are extrapolated on the basis 
of trends observed for the period beginning as early as 1960 
or as late as 1974. depending on field and sex, and ending 
with 1976 (p. 2)." 



" f o* tha <ou< broad &ci«nc« <«e(ds tde number ol baccatauMM mots •lAapoiMad ai one-hall nm annual r^s 
0* change ri^ected by oOsa<v«d bends to gwMfaie pfofsdions <hat »»ou»d be consiMeni with histaicirt ««perienct 
praieobonb ol enginaeting baccalaurMles, (terrved from an eamomefric mcxM mcorpMatmg resfionses io mmMt 
oonOftOTO, «m»e oMained horn an unpuMshad report furnished NSF by tha C«nt«r tor P<*cy Altwnatives Manachu- 
sans bttHtuie of TecNwiogy 



METHODS AND ASSUMPTIONS 



(B) Prelections of (b) »id (c) are assumed to depend on an index 
of market conditions— SSEK, Re fraction of those about to re- 
ceive ttiair doctorates m«io are seeking emptoymei^ and have 

not yet fOLRid jobs at the time they respond to the annual Sur- 
veys of Earned Doctondm. Profections of SEEK for a broad 
fiekl »e generated from an equation in wfrich SEEK is Hnked 
to selected «ipply and demand factors." Future values of 
SEEK am gonmmd ye^ fern by first prpjectir^ ttie num- 
^ ber(rf new doctorates in a and tt^detennining ttie value 
of SEEK for that year (p. 28). 

(C) Projections of the proportion of baccalaureates fvho enter 
grackiate school an gmnited from an equation in Whk:h this 
variaA>le is Mnked to SEEK and ottier v»1ables ttiat have been 
found to be assodated with entrance rates (p. 27)." 

(D) Prc^c^kHis of ttie proportion of ttxise entering in year t who 
ultimately complete ttie requirements for ttie doctorate are 
gen^^ated from an equation in wfik^ completion rates are re- 
lated to vakjes of SEEK in year t + 2 (p. 28).^ 

3. Net international mobility is estimated as foitows: (a) The proved 
rHJTT^ of new dodorates awarctod, ger^ated by ttie steps de- 
scribed in 2 above, are ^^usted downward to account for doctor- 
ates rec«ved by fore^ s&idwits wfio me assumed to return to 
their native countries. Estenates tiie number of new doctorates 
wfK) wiN emigrate by f»ki are based on statistics descrtt)ing S/E 
doctorates earned by tiiose with tempc^ary visas in the years 
1974-77. The projected total nun^ for all fiekis. 2.600 annually, 
is ttie aven^ of ttie 1 974-77 nim^ders. (b) The projected number 
new imm^rants witti S/E dodorates is added to ttie base-year 



The »«)p)y vwMble us8d ifl (f«s equa^ IS the mntfier (4 new dociortfes aw^^ 
wwd by fieW. (unwr <acu«y openmss are us«d tor mMhemMcai. Ms. and soeai soancec. ««herMS industria) H&D 
Mpandrtwes ara t«ad tor phywcal fictanoes ma angmaennB. The laMonsh^ between SEEK am ttasa wiabM « 
e8«nM«d tam tngtoneai dirta by means ol Hnaar ragraseon aradyM. 

* Tlw lalaiKinshv beiwaan ttw prcfiortm ifrtw anm graduMa 
«id aam vanabias. « estenatwJ from Ivstoni^ dtta by means of knaar ragre«Non »^fm The other vwicMas 
mdudai; m me telafconship rar»d by ftald wmI sex The complete sai of other vsnabim Mad tn th» analysts » uim 
(a tranj vanaMa), tfia nwnber d baocate«si«BS. and 9n number conscripied tor n«M^ satvica 

' retafion^ is wttnMd tmm tuttoncM data by mams of bna« rafpassNm araiysM 
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estbiM of S/E doctoral suppfy. The anmMri mmiber of 
with S/E dodorales is prpjectod at e^nated 1974-76 avefage 
annuai leveis. Ho ac^ustments were made to the base-yeetf stodc 
to account for annual en^gration of American SfB doctorate 
(p. 3). 

4. Net flows into and out Of S/E fieids are prelected kjy a^uming (a) 
all field-switching occurs inwnedi^eiy after receipt d the doctorate 
and (b) post-1977 switcNng wHI remain stable at 1973 levels 
<p.4)« 

5. Adjustments for projected attrition caused by death and retirement 
are made by subtracting the anKXint of atbltion expected from 
these causes from the bc^year S/E doctoral siqapiy. Projected 
attrition is estimated separate^ for S/E doctorates in the academic 
and the nonac^temic sectors of the economy (p. 4). 

Protecttng the l^hmiber of S/E Doctmtos mifmd 

Twc sets of utilization projections are generated by this study for each 
#*^major field: (a) the projected number of S/E doi^orat^ employed in S/E 
fields and (b) the projected rnimber of new openings for S/E doctorates in 
S/E fields. Projected employment in academia and industrisd R&D is based 
on historical relationships between employment and l(ey danand factors- 
student enrollments proxied by S/E baccalffijreates and indusMai R&D ex- 
penditures.^ Preyed employment In oth^ areas is gen^ted by linear 
extrapolation oH past trwids. The estimat«f nun^iers of new dortoral open- 
ings were generated from projected g^^^wth in employmer^ and projected 
attrition d S/E doctorates ojrrently employed In S/E fi^ds. Spedflc meth- 
ods used to proc&K» th^e projedions are outlined below. 

Separate employment projections were generated for individual areas 
of the economy using three dstinct methods— one for acadentia. one for 
industrial R&D, and one for all remaining areas. 

1 . Academia: The projections of S/E doctorates employed in acade- 
mia were made in three steps. 

(A) The employment of fuM-tim.* .4cademic staff is linked to the 
number of S/E baccalmjreates and trend variables (p. 29). 

(B) Total new openings are defined as the sum of (1) projected 
attrition and (2) projected growth in enf^>loyment. Attrition pro- 
jections were disclosed earlier in this chapter. Growth in em- 

• The irHw^oW moMrty peaems Mwe e^mMrtsd from a compwison a» held o< degree md <wW wnfiioyfnert 
(or ^ S/E dodorates m 1973 Mfo^nem tor mier«eid moMrty are made o(4y to ttw suppty al new S'E (kx,-tor8te« 
« TYmm nMtonma are esamawd trom h»tonc4 (Ma by rneai« ol Imear ragrassion anatya« 
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ploynM b edftraM (m the pR^clion equation 

the IMu^ between academki empioymertf and baccalau- 

rrates for a broad field. 

(C) Future doctored hires are estimated by field by imiitipiying total 
acactefi^ openings by prelected proportions of these open- 
ings expected to be fifled by doctorates (p. ^2y 

(D) These projected hfres are added to nurrtos of 1977 doctoral 
staff who are expetitod to be enr^iloyed in abademia in 1962 
and 1987. 

(E) The pnHectedutttization of S/E doctorates in academia derived 
from steps (A) and (B) s^e are augmented by protons of 
the number of postdoctoral positions. These are derived by 
assuming that. exce^M tor Hfe sdences, the number of U.S. cit- 
izens and permarRffit reskients holding such positions will re- 
main at 1977 lev^s. For Hfe scienoes. it is assumed that the 
number such positions will increase.by a constant amount 
each year (p. 21).^ 

2. Industrial R&D: The projections of the number of S/E doctorates 
employed in inckistrial R&D fiK:tivity were made with the following 
steps. 

(A) Full-time R&D employment is lir^ed to industrial R&D expendi- 
tures in seven separate Industries — representing about 85 
percent (rf all R&D emptoyment." Future R&D emptoymeni in 
each industry is estimated on thQ basts of projected R&D ex- 
pencMures. R&D employment is summed over the seven n- 
dustries and mult^Jlied t>y 1 .16 to account for the exdudec in- 
(fcjstries. Doctoral emfHoynient by field is then generated on 
thelia^of the assum^^kxis that (1) the proportion of all R&D 
employees with S/E dedicates will increase by 10 percent 
from the 1977 level and (2) the percentage distribution of S/E 
doctorates by field will beihe same as in 1977 (pp. 13 end 3^ ). 

3. All remaining sectors: The projections of tf^ rujmber of S/E doc- 
torates enr^^oyed in S/E jobs in the remairvng sectors of the econ- 
omy were extrapolated from historical b-ends (pp. 13 and 14).<^ 

The proporttoteo* new operwflB Wed by doctors «pri«ecMdDya8Sun»^ 
tions «iou{d hire only 5/E docter^ee and fft« ai) otfier ms^Mton «nuld (ws prapor«orw ttwt wouW tw 10 percent 
^jove me propor«ons oS 1976-77 new openngt m tfiese msMitions ttvi ««ere Med by &E dDOorate!. 

" These asetHnptoone ar9 band on rac^ trends and Ihe Msun^ition it»t fuidnig constrainrs a*vtm ffowOf 
•n pratdodortf poa*on« 

* Theae mdustries tncHide the fotoiiMig (^lerritctf and aMd. p(<rfe68Kmtf and sci^^ 
mittihtti madMiery. etattncal equ^niMi and contmuracMon. motor vMvdrc. and noomanulBduring The reMkon- 
Bi^ between emptoymeni and R&D ntpendpfatres ts esdmaMi «rom hwioricai d^ jy means a* Miear fefpesa«jn 
technu]!^. 

Ekcepf tor empiOytnefK m FFRDC s, 1973-77 liOfxJs were used m the protects mo<tel For FFROC s, 
1969-77 (rends were i«ed 
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Ratkmale ior and Sensitivity of Assumpticms 



Projected mOTtbers of tMCfvetor s 
(Segrees and ^eir relatxm to 
mimt>ei^ of doctoat degrees 
awarded 



Doctoral awards in physical 
scrences and eog^necynng 



Dci< fo'«<^ awards tn ufe an< *vut lai 
St i<»nces Hf Ki mafht^mafic a 



For bfofid ^ fieMs €ie%m fhan engUieer^ tfie 
mifnber dl bachelor's (to(^0O8 ^ ooriNrvie through 
19B7 the ^end es t ab te he d as of 19^. The of 
change, honfever, be one-tiaM tfie eslebtehed 
rate. (En^ieermg bgccalaureates are p roje ct wih 
an eoonomMfc appfoacii tfutt Mcs degree enfardBS K> 
mertel oondi^vis.) 



Graduate 8chu>l enrc^met^ ami con^ilelKKi rates hi 
these two bro^ frelds can be reletfed to the anDot^ 
sperA m int^try cm Growm in stK^h 
exp^.dttures vanes t>y major imkistry gmn^. The 
average projected armal rate F^D ^ow^ m 
3 2-0 



Graduate school enroS^fi^t ami cmnpietion rates m 
these three bfos^ ffeSds can t)e related to the 
numt)efs of lumor faculty operwgs 



A r ^ ,!f?f#' . ,f "M" t' ' *.'»*r* * < i''4J NSf- urf'fiM'. ' . jh tJuunI this ft»piiM 
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Ar^ys^ of ava^abfe data and Mmtos ^idicates 
tt^ nwket oondittore exert Mmtod wHuence on ^ 
dtotee of wder g ratk irtB nm^Gys most 
mn^m. ExtapoMon of exMmg tiencte, attenuated 
by one-hiM. proAic es pn^^ded sdmce 
b»xdlMn^ie8 wf9i me add^ of prpt^ci^ 
engn oortng baocalmw^, r^sresent 29% of NCES 
projection erf tot^ baoc^uD^es and 
pr(^ssionirf degrees m 1987. Thts propor^ 
r^iged narroiMy from 28% to 32% in the yws 19^4 
to 1978 



Fte^es^on m^dysis mstk^m tfiat errottmer^ and 
oon^il^tUon ri^ ^ th^ two troad fief^ are 
r^^ionsfve to nwtet cbmfihons wh^ can be 
explmied t>y tbe >e^ (rf mtoM R&O sp^v^ 
and ttie rHimt^ers of doctor^ degrees: See af^^ent^ 
A^2 for re^^ession equa^sr^ used m profectKHis 



S^isitivity v^ies t>y Md in rei^im to ^lengm of 
market ^ect. ki n^tfrnn^tc^ soences, for 
eKan^))e, a 10% v^^ion m ^mual numt»er of 
t>acc^rtaure^es tor 1977-87 cfwiges prpts<^ed 
do^Ktf (tegrees by aixM S% ^ 1987, The mmtber 
of rra^ema^ sctent^ m the fut-bme labor force 
¥^iM dwige by gboiA 2% The comprnMs 
c^ianges m ef^^ieermg would be 3% and 1%. 
respedhf^ 



A drop in the average protected (^owth in R&D 
expenMures from 3.2^* to 1 S% a year decre^ases 
l977'-67 doctoral awarcte by Bbwt lO^o m each 
fieNj The profected 1987 fu9-^ne doctoral later 
force would drop as a result t>y about m tf^ 
physical sciences iNid m engn^ering by ^)out 5% 



Regression analysis irxk^ate*; «*)at ervolknent and 
corT^>^ton raft^ in these three broMt fiekte ^e 
responsive to martlet conditions The latter cm t>e 
exi^ned t>y the n^mjbms of [ur^ faci% c^Tmmgs 
ar^ choral ctogrees m ee<^ of ^me broad fiek^ 
Estimates of past openings are for aH fiekis 
contoned wtiereas estimates of future opening 
were for 0^ tKOC^ f»^d^ $ee i^^ndix A 2 
for regression ec^iafions iised m prc^ecttons 



fn mathematical arnJ hfe sciences, a 10*© vanation in 
proofed |unior faK:ulty openmgs would result m 
atXKit 2°^ charges m projected docioral awards ar^ 
about 1% cfianges in full time ctoctoral labor forces m 
1^7 Comparat}le charts m social sciences would 
be less ttian 1*0 



*3 



0/ 



19 



7 



f 

















Enf^gration 

^; 


AnmaJ numbaro Of ctpcioitf OTt^^ 
fieW m period 1977-87 tma be equal to aiwane 
nmi^ira of cfoclorM8 emied 
iBinporary hi 1074-77. 


Sbidmls on tsmpdlF^ vto» mu^ toav^ 
Stales on oomptaOon of siuifiM or reoeive a 
pemianef^ ma. toi wMch cme 0i8y «frincluded in 
iimiiymMon tpiab. Ptaaumably few Amertcm 
colons will doctorates loMa IMa oouninf 
pemwrnitty. hifonnaion in the 1977 &iiV0y of 
Ooc^yiie RoGipisfils Indkaies lf»i onfy abo^ 4% ^ 
U.S. citeBns planned to kx»ie abroad tfl^ remtv^ 
do(»prale& TMi inctaled tme ptenn^ sbidy 
tfm>cft ^ weS as tfiose en^ployed by me Fectef^ 
Governmeiit 


10% variaMn in me numbers m^graits chwigea 
»«e proiedad 1987 fi^4tone tabor tofoe by adoi^ 
0,7%, 


lmint^atK)n 


Amnial mmber of immf^^ants m each bfOffii field m 
1977^7 wtit equal 9ib e^msM aven^ 
m^nbers of S/E doc^i^ wfK> irmmgrafed m 
1974-76 


Prc^ec^ overwpply of dtK^lor^ so»r«sm and 
ef^^ieers ^ thte country w« deter enough pcHential 
ffmr^ar^ to prevw^ Mure t(rt^ from dimb^ 
id^xive 1974-TO averages. 


10% chmge ^ (toctoral ^nn^ants cfwiges doctoral 
t^m «orce by 0,5% over ^rajectlon period. 


FMd moWiity 








Fiekl-swttching of ckKtorates 


Ail fiekj'Switchfr^ occurs irmwtiatery after rec^ of 
ttre doctorate Future m(^>iffty of new doctorates will 
t)e ttie same as the 1973 (tetnbutfon of aM actfve 
doctorates by ♦^ekJ of degree and fieW of 
^mpfoyment 

1 

» 


Recent di^a indicate that 1973 patterns of rrobifrty 
have persisted 


Not app^cat)le 


Attrttlon 


I 

! 






Attrition of regutar acadomK. Maff 


. Mortality of academe staff «n 1978-87 wi8 ec^ 
1 1978 rtiortaMy rates for ttie male popul^kH) insured 
1 by Teachers Insurance and Anrnnty AssociatK^ 
1 illAA). AH staff win retire upon reaching 66 ye^s 
i £^ (VohJniay se^M^atfon from force prK>r to 
i age 66 wilt be insfgfwficant ) 


Ktorlakty cMa sN>w that i^wer^ afxl college staff 
kve longei than the gerierfiU ^K>pul^ton TIAA 
informatKin on ^^urties inc^cate that 66 is ctose to 
ttie n^dian a^ of retirement 

* 


Use of BLS death rates lowers the 1987 
time doctor«ri labor force by about 1 4% betow the 
level protected w^ TIAA rates. Assuming tt:ademic 
staff retire at 71 (ncreases the proved 1987 total 
fu^HfW doctoral labc^ forCT ^XHit 15%. 


/ 




1 
I 

i 
* 




Attrin^rof doctorates not emptoyed 
in aca<Jemii» 


Death and retirement rates m ^978^7 fw 
doctorates no! employed «n academia will er^ual 
unpublished BLS occuf^tK^n-specific des'.n acKl 


1 ^k} other attrition rates are avail^>le in ttiese sectors 


A 10% venation m BtS rates cfwiges protected 
1987 total Hill t^ labor force by about 2%. 






! 
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AiSIMptfOM 



ProfeciKl ntmitefs of techeior's 
d&grees and their rei€^ion to the 
of fiM-tmie regu\m staff 



Proportion o1 new facutly hires m 2- 
and 4'year colleges who have 
ckx:torates 



Numbers of U S citizens and 
permanent residents hokimg 
postdoctoral fellowships 



The rnmtf)^ of iK^adernlc ^eA employed m a li^^ 
llekl m refi^ to trie rHmiber of tactietor's de^ees 
emmted ^her k\ tMi HgM or m a ^oup ol S/^ fi^ds. 
(See ^ipencftx A-2 tor equtficm reMing staff to 
tMK^hekK's donees €^ viNlabIm R^ire 
t>accalmir^e$ cmi be prt^ded as cuttrml in 
assuffip^ for Si^iply moM 



For e^ broad S/E fiefd at ^ 2^ and 4'ye^ cotege 
^levets, the proportion new f&c^ with doctorates 
wifi increase 10% ^bove fha fevels found for the 
per«xJ 1976-77 in an ACE sufVBy.^ 



For broad S'E fiekJs ottier than Me sciences, tfw 
numbers of U S citizens and penrnM^ re^der^ 
tok&ng post(kxrt(Kal feSowsh^ rmtatn at 1977 
fevefs throt^ 1967 The mmber of posldoc^a) 
fellows in ^e sciences moU mrease from 5,200 m 
1977 to 5.600 in 19^ and 6,000 in 1987. (Th^e 
were less than 3.000 such positions fiNed m 1972.) 



* Franfc Ateisek and Irem* L Gombefq op at 
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TedcNng ^ the fst^nwsy function ol ttiroo-loiirttis of 
tfre pernu^i^ii stalt. ^^velor's ai^wds are the best 
ffinong exIsHno mNSiivw of the demand tor 
isMtierB ^ a fMd, Uravaitable m^siffm wdh n 
eimimenls by ^lotdd be higMy oornMaled wtth 
b accitetifea^ awards. 



Tf^ OTKHmt of f aci% itpg^adkng woukl be 
cc^slent wH^ the expec^^ions of tfK>w respc^id^ 
to the ACE survey. 



Oily in ttiB'phy;^ &ri6 Hfe sconces do ^ge 
nunf4)ers of S/E dodc^^es fnM postdoctoral 
felk^Arshif^ The ntin^ of such pMttions in ttie 
physical sDences wb& stiB^ between 1972 iml 
1977 Posldoctorals in ttie ^ sdences ^ew 
si^fcantfy wer tt^ perKXl, but funcbng constraints 
may redt^ such growth m the future 



10% vwteHon In baocafeMeate va^Mstos otangea 
1987 sMf ftqu^wnento (mckaSng mwm.D/a) by 

flM inftnMibifl cwimMnAR' LHn fiCkmfiiiR. O* 

moAwnalteal edanoea, 10; onglneoriiV f 2; and 
phyolcri actanoe^ 3. SocM aoianoaa tecufiy «^ 
be unaffiadad beoauae a 10% Omnge In aoctei 
8Qta«s baocalauraaiaa amW not altoci a» 
assumption that staff In tMe traadfMd wfl not djnop 
befiMf 1977 total In qua of faffing degree tatala. The 
changes above wcMd total about 2% of toM 
doctoral S/E utWzaBon. 



A I0%cf)ange ^the proportton of newfaouHy wWi 
doctor^es ^ 2- and ooieges changes the 
mi^mser of SnE ttoctortf hires by ai academic 
^^Muaof^ lnGlu<8ng 4^iiversaies« i^y 4% during the 
fKoiectkm period. Thto would after totd S/E doctoral 
ut^taton^ 19B7 for al Actors conMied by lesa 
ttw^ O.S%. 



A 10% v^i^ion m the nimbw of postoodoral 
totows dianges a^e size of tfie S/E doctc^ate tabor 
force by 0 25% 
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AeatfHpflofie 






ProfeclBd mount of R&O 
^ipenctitai^ k\ Muslry md its 
mroon to fn0 nmnMr oi scNMiiisa 
^ and eng^iMB omploysd. 

Uv8i of ^ t^fizston of doctorates 
^ 1982 and 1087 tha Federal 
Goveniment, Mii8lry,(otlm tftan 
nonpraflt Ni^»^ons, ''oltier 
government. " md FFROC's. 


Tfie number of ^idi^rtai R&O sli# amiiliq^ 
brood Md to relaled to me amount of R&O ^lenitog 
^ Mch ^ic^mlry (poup. Ritee R&D SfiendnB 
grow en overage 3 J% mnua% in Musl^. 

Obeenfed feendB In doctore* wiptoymOTt from 1973 
to 1977 (19ra to 1977 tor FrMXTs) by broad fleld 
and otegory of ernptoymeni eM cortMue 9tfoi4)h 
1987. 


EjqiencKurM and ataMig are ctosely Msed in ttite 
actvtty. FuHra (powtfi rates are from 19K R&D 
Rmd^ f^t^eokm, (HSF 78^14). 

Observed (rends reflect ttie eflectB of a period of 

suppfy of new docto^etos. Ttito aloived 
emplcqfMB ^ ffiese categories of emptoymer^ to 
upgrade academic oedemMs of MSI. En^stoyers 

o^ir^nue to fiave tfiese oppoitun^es for 
i^igracMng Onoi^ioi^ the piqec^on pertod. 


A drop in average profeded gnmifh In R&O 
^^lendHures to i.S% ayes' decneases 1fl77'-87 ^ 
doctoral hfras ^ incta&tol ftftO by TMs «mdd 
cau^ a 3% drop to 1^ (toctortf i^mion m 
1987 tor sectors combined. 

A 10% varMon in esdsling emptoyment trends in 
these categoriee of amptoymef^ vvoutd change 1987 
S/E uWziMon of doctorates by aboi4 15%. 
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APPENDIX A 
Technical Notes 



1. Comparison of Current and Previous NSF Projections 

The estimates presented in tNs report reinforce the <^ef results of lf» Foun- 
daUon s earlier study, Projections of Science and Engineering Doct<x-ate Suppiy 
and umzation: 1980 and 1985 (NSF 75-301 ). Both reports conclude that ttie \abor 
force of dcx:torai scientists and engineers in the United States ^ eiefmnd raf»d)y 
thr(Kjgh the eighties arnl that ir^reasif^ percentages £rf ttwse fnghly trained per- 
sonnel will be employed in non-S/E-related positions. The new prqec^iwis, how- 
ever, put the estimated 1987 level of non-S/E utilization below that estimated for 
1985 in Supply and UUHzation (table A-1). Also, the new projections of future 
ckxtoral awards differ ^gnificantly for tfie physical sciences and engineering from 
those in Prc^ecticms Degrees and Ervdiment in ScierTce and Engineering 
Fields to 1985 (NSF 76-301) (taWe A-2) 



Table A-1. Prelections of labor forces and 
S/E-retated utilizatkMi t>y Held 



I In tlxMJsandsl 





Proiectrons in prevfous report* 


New profOciiQns 














1987 








non S E 






fKjn S E 






1985 


related 




1987 


related 






St 


utfli/atfon 




SE 


iitik/atK>n 






related 


as a 


1987 


related 


as a 






utflf/atron 


pefceni 


doctoral 


uliN/dfiofi 






labor 


of 


of labor 


latxjr 


of 


of tabor 




force 


(kKforates 


force 


fofce 


ikK:t(K ates 


fofce 


Total 


37b 


293 


22 


412 


342 


17 


Phybical 














sciences 


85 


76 


11 


95 


86 • 


9 


Engi-ieGring 


b4 


45 


29 


72 


50 


19 


Mafhematicai 














sconces 


22 


16 


27 


28 


22 


21 


Lrfe sciences 


92 


85 


8 


103 


87 




Social scferK:es 


113 


71 


37 


113 


91 


19 



ProftK lHifis tif ^< itfnt t^ and ingtnetffitty Ckh tofaW Sup^if MfHi tm/atfOn 1980 and f9Bb iUSf 7S :K)1 } prob 
^>kf model 

Source Nal»(jn<i< Stieme ujridatmfi 
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Three fMtofs— aiitJ f u ve men te in pibj e ct ton modeftng. recent educatfonrt and 
economk: developments, and better Information on doctoral utilization — accourrt 
for changes between the outlook of the previous reports and tfie current protec- 
tions. On the suppfy stele an iiT^xKtant rmxteting adyttice tma been to Mi c^aduate 
sdKxA enroUment and con^^on rates to mmMl concStiois in mdh of the five 
S/E fields. For estbnating future utiii2atk)n. equations t>ased on re^e88k)nanai^ 
now lir^ S/B employment in academia and industrial R&D to demand variabies. 

Recent developments affecting the f^ojectons include f^^ier expectaticMis erf 
in(fcjstiial R&D sperKlir>g arKf greater partidpatkxi of wcmien in en^neering and 
the life ami physk:al scierK^. In the projection moctel. Ngtier inchistiral R&D 
sperK^ resutts m naxe S/E in the txjsiness sect<K arKU larger doctoral 
classes of engineers and physical scientists. 



TaIHe A-2. Comparison of new ami prevfoua ^»ctorai S,E pn4ecti<ms 

byfteM 





1965 prevtovi8 


1965 


1P77 


historical 


Fiekj of degree 


fepori' 


new 


r.ctual 












4.1450971» 




1 500 


3,200 


3.100 


Women 


200 








Total 


1.700 


3.800 


3.410 


4.391 (1971) 


Eogineenng 










Men 


2.500 


3800 


2.567 


3.679(1972) 


Women . . 


200 


500 


74 


74(1977) 


ToliM 


2.700 


4.300 


2.641 


3.704(1972) 


Matfwnatfc^ soences 










Men . . 


600 


800 


831 


1.245(1970) 


Wonrmi 


100 


100 


128 


128(1977) 


Tc^at 


700 


900 


959 


1.343(1970) 


Life sc fences 










Men 


3.600 


4 200 


3 421 


3.910(1971) 


Women 


rooo 


14(K) 


845 


845(1977) 


Total 


4 600 


5.600 


4266 


4.534(1971) 


Social scierKes 










Men 


4800 


4.100 


4.524 


4.524(1977) 


Women 


2:kx) 


2500 


1.573 


1.573(1977) 


Total 


7 100 


6600 


6 097 


6.097(1977) 



301) 

Source National be tence Foundation dfid Nal»of^l Rest^arch Courcii 




Nnproved information on utiKzation has also affected tfie projectkms. Since 
ttie ii6t NSF report m si^ipiy and utHization. a spediri survey has been ooiKlii^ed 
on the proportion of new fwes for 2- and 4-y8ar college faculty who have doctcx- 
Ot^ recent sun/eys |M>victe a bass for extrepolirt!ng ulMze^iOT <rf S/E doc- 
torates in government, nonprofit bismutions. Ff^RDC's, and irKtustry (p^^ tf>an 
resecHv^ and dev^opmenl).' The dtecu^xi below oomfMrss ttie new ai^ pre- 
\^HJS fm^ctlons in more detail. 

Balance Between Supply and S IE-Related Utiliz&tion of Doctoratss 

For Umr broad f»kls as \a«II ^ for £dl fields combir^, the new pfOjectk}ns 
^ansx rKKi-S/E utilization rn 1987 below the percentage levels estimated ^rter for 
1985 (table A-1 ). The most marked change m outlook is in the sodal sciences 
where the pr(^ected imbalance has dropped from 37 percent \o 19 percent. Tfw 
smaHer gap between suf^ and S/E utilization can be attrttHJted to Ngher expec- 
tations of nonacaden^ S/E employment in tfiis field. StmHarly, ttie new (KO^ctkMis 
have red«,K:ed ttra in^ance in engineering from 29 f^rcentio 19 perc^, i^in 
primarily because of estimated hi^ier future en^^jyment (XJtskte d urwersittes 
arKJ colleges. In ttie mattwmatk^al sciences, preceded 1^7 supply and utiK- 
zation are botti 6.000 above ttie eartor estimates for 1^. Th^ diange has ttw 
effect of kwehng the projected non-S/E utilization Uom 27 i^rcent to 21 pen^t. 
Tl^ (XJtkxjk for \tw {^ysicai saences has not cfian^l af^edably between ttie 
twro reports, wt^reas a faster ^ojected rate of growth in suf^ in tfw Hfe sc»fv^ 
has raised ttie estimated level of imbalance from 8 f^rcent for 1%5 to 16 percent 
for 1^7 

Doctor at Awards 

Much hi^er projected rates of graduate school completion are tfie chief f^tCM^ 
causing the current projectton of 1^5 male physk^at sc^rxres (toctoral awards to 
be more than double the projected value in the prevk)u% report (table The 



flank J Aleteek and henc 1. Gombwg New full Tune facwty 197b 77 Hmng Panetns by Ftekl ana tau 
CMDonm Attammem 'MBenmgion DC Amerc^n CounoJ on fcikH;3<>an 1978) 

' Nrttooat Ac«jt my ot Sctencw Dnctaal Sci»r»^s ana tng>m»s in the UntwO SMes. 1975 and 197T fto/rfes 
(Mla»h<nglon DC 20418) 

The saftof report pfojecied or.iy up lo '985 m) fhis, w«»e lau y«« to »»t»ch the cmreni px^aclions can be 



earlier report assumed ttiat the downward trend in complstton rates observed 
when the report was lyej M fBd muM conttnue, wtieneas ttils report Hnks comple- 
tton to qondttions in ttie market for doctor^ physical sdenttsts. Because ttiis mar- 
It^ is now expected to become more favorabto tor future graduaies because of 
projected teicreaaes In Industrial fttOexpendituffM, < x> m ptettonri^ are pr 
to rise weR dbove ttiose in ttie prec e de prqiecatons. The estbnated. future values, 
howevw". are wHhIn ttie range of htetorfcal rates of ootnpteton. The proj e cted 1985 
tcrtals for female physteal sciences doctorates haw risen from 200 to 600 because 
new data ftiow that mom women are eam^ baoddaursates in ttiis field and 
becffioe. « wastheciffletorm»i,ocwii^Bonrfitte8«iepf c i ^ ca ed tobeweliabow 
ttK^ In ttie earfer report (As expMned in ttie ne^ sectton of tils appendix, ttie 
degree prc^ectkNi moctel lor tflte-IMl im^ R&O spmxfing m thb dem»id 
variable affectkig SEEK. If it had been possKiie to toidude jur^ faculty openings 
as an addittonal demand variable, it is probable that ttie market profections wouki 
have wic&»ted poc^ job oppcmurHties. As a result, prc^ecttons <^ dodoral de- 
gmes in ttie physN»l sciences Yiouh have been moderately tower.> 

Factors amriogmis to th(»e dted above tor the physk»l sctmc^ also 1^ to 
explain why projectons of ^igineerkig doctor^ awards in 1965 are now 60 per- 
c^ higtier ttian t the (xe^ous report, hi adcMton. ttw projected prc^K^rttons of 
male en^r^rir^ b^x^alaureates eiH^r^ gr»luato S(^iool have risen over tt» 
values used in the previous report because of ttw link between entrance rates and 
SEEK, wfw^ engtoimrs is ittfected by irxk^tri^ R&D ei^Tencfitures.* ' 

For botti men and in ttra Hfe ssmm^, where SEEK depends on jurtior 

faculty openings, project k)ns of graduate school enrollment and completion rates 
have cfiar^ed Httle OHi^mred to the {NBvtous rofxxX. Stoice tfie latter was prepared. 
lK>wever. ttra r^mnbers of b^^lmjreates earrrad by ecK^ sex have accelerated 
above tfieir k^-term ^owth rates. iesKtir^ to h^ier projecttons of future tm^ca- 
laureates in ttiis tieki asvi, ccmsec^ientty, to pn^ectk^ns of (toctorates in 1^5 ttiat 
are 22 percent hi^ier ttian in Oegr^j and Bm^tmem. 



' The (Mojected 1985 toiai cS mate mtginBanng doctorates ts abcKit 100 mo<« man iho numtwr m the 1972 dws. 
wtweas ftomen teomad only 74 ttoetor^ awards m 1977 
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2. Market Analysis 

This part describes the econonretric analysis used in ttwse prtnectiOfTS in 
nrtore detail than was ^ven in the text. 

A Market Index 

The model used to prqect S/E doctoral awards reflects the evidefK^ tttat 
students considenr^ earning Ph.D/s are responsive to nuurket ccKMNtk)r^.^ Tt^ 
meant that some index of doctoral en^toyment oppc^nities, 8vaii«i)te on a reg- 
ular basis, was required. This index should link, ^ eq^aM>r^ with aa^takOB 
statistfcai prq^erties. su|:^y and demand varices wrtti gc&Aiate sdtV)0\ enroll- 
ment and completion rates. Sudi equatimis would help expl^yn h^oricai variatkms 
in entrance and completion rates and could be used to prefect their future values. 
The model used to project doctoral awards is comprised of a set of three equatiCHis 
for each S E field and for each sex.* These equations have ttw foliowir^ general 
form 



Market fndex a, • t), Supply vanabfe * C^mand v^iabto 

Enroltment rates a, ♦ *- Market index 

Completion rates Sj • Market mdex 

vvhffrc the a s are cortstant terms and the b s are coefffcief^s. 

A market index for this moctel was found in ttie annual NSF-sponsored Survey 
of Earned Doctorates which refXKts tt^ percentage, by fteW. of individuals ^k) are 
about to receive doctorates and who are seeking, but have not fcxjnd a ctefinite 
position at the time they respond to the survey. This index is called SEEK.^ 

Table A-3 presents the results of regression analyses in which SEEK is the 
dependent vanable In the equat'ons for the matlwmatical. life, arKl social sci- 
ences. SEEK IS related to the number of doctorates awarded in each fieM, GRAD 
. (a supply variable), and to junK)r faK:ulty openifKjs, OPEN (a demand variable). 
Choice of OPEN to represent demand ret ects the large majorit^s of the work 
force in these three broad fields who are employed m academia^ Allan Cartter s 
estimates of junior faculty openings for alt fieWs combif^ ^ovide values for 
OPEN for each year from 1960 to 1975.^ (NSF projections of oj^nings by broad 
field wer ^ used in projecting values of SEEK after adjusting for tt>e difference in 
scale t>etween the Cartter and NSF series.) 



ij4}f' Nichdfd B ^ rm?man The Ovmecfucmed Ammfcan New Yofli Aca<Jemc Press 1976 
• i fwoMmt>nt Hfid compilation raters afe measured t>y fieW and se* iii^tweas the same m^ket tnd^n. S£ EK is tised 
tM !."f*i s#4K(*s kft a given held 

The vuktm SEEK used <n the regressions come frofn speoal tabiMations w/fvch covef i960 ftvough 19^5 
Nsr «, inoetxed to RicfTa^d Ereeman for s>iipply»ng tt»s tnlormabon 

" in 67 pofccm! m ftw mathematical sciences. 6t percof^ in ^ fafe saences. and 64 pt»TC©nt »n the boaal 
St lef »ces N«ifofia4 S< lefKre f oundsfton ^mmftcm 7^j4b& Ch»acmtsttc& oi DoctOfdi Si lentihts arfd Engt 

nmf% in the UruWd Slates 19// {HSf 79^3Q&) 0 C ) 

Allan Carttef 0 s and the Acmfemtc LatfOf Mmket 1976. p 1 13 
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« 

For the remaining two broad fiekis. engineenng and tf^ physical sciences, 
the demand variabie used is industrial R&D expernlftures by fiekj. The use of R&D 
expenditures is in ac(X)rdance with t\w important role of, industry as an emptoyer 
of graduates in these fiekte.'^' Htstork:at values for this vanatle R&D" for 1960 
to 1975 v^e af^KOXimated by a transformatkKi of R&D expencKtures by m^^ 
imlustry group kteally, both OPEN and R&D wcHikl be used in each equation to 
descrit^ dennand farces influencing e^h of the five markets. Unfortunately, it was 
rK)t possible to use both demand variabies in tf>e same equation t}ecause they are 
collinear, i.e., their past values vary togettier. 

In tin% series regressiCKis, ihe error terms (the (^fferences between values 
predicted by the estimatir>g equatk)ns and actual past values) for adj^ent obser* 
vations are often relate. Such an urttJesirable statistk:al fw^of^rty— serial correla- 
tion of error terms — rerulers the regression results less reliable than they woukl 



teKk«^ »s ttw imge^ empksyef of cteloraJ engmers. wtny a^>ou1 49 percent of me 1977 mak force Mus^ 
8fT^^ 35 perc^ of doctoral pi.ysicai scter^ts m that yrar as compared to 44 percer^ employed t>y academfa 
{tnckJdmg posMoctor^es) Reswch and deveic^TmerM i»as used m tx^ cases as the demand van^ile. fiowew^. 
becm^ (t ei^ifained more past vi^iatton m SEEK and had more coefftoer^ sl^s^cal fiigntficance in equi^ons for 
en^neenng and (he physic^ sciences man did OPEN Tfus may huve been bec^ise of the poor dale avaMat)le on 
^in»or lacUty op9ntn^ 

TYm MS done by mul^Tfymg the vectors mvmm R&D e>{)eni^e& by me^ unktsmy groi^) by the 1973 
percerH^ t$|r^ution matrm ckxioraf H&D screr^sts and en^rieers by hitkS and ^ndi^try 
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•otheiwlse be. The presence of serial'Correiation, ^idicated by critteal values of the 
DurtMvWatson statistic, was a probteni rn the physical, matlramatical. and social 
sconces. For the fir^ these fiekte a Cochram-Ooitt tnvskyniation at tim vari- 
sMes eMrwtated the serial con-elation. Such a transfonnatkKi was uf^jfxe^ful in 
the other two cases so the serial correlation remains for the mathematical and 
social science. 

The numt)ers in parentheses in te^e A-3 refer to the t-statistics which indicate 
that an the ccMistants and variable coef^:i«its are significstfit at .05 or better ex(»pt 
the con^ant term ft^ mattwmatical sc»fK»s. The results are very good in ttie 
physical and life sconces and en^neering. Even in the mattramatk:al sciences, 
y^ma the ^tistk^l results are the poorest, the ec^ation should be m »x»ptable 
indicator of the influence of supfiHy arni demand variables on SEEK. 

Graduate School Entry 

The first stage in tfie projection model which is affected by the market involves 
decisions to enter graduate school. The equations below relate ENROLL, the pro- 
portion of baKx:alaureates bff sex and tKoad field wfio enter grac&iate scfKX)^, to 
SEEK in that field arKi varyir^ comtjinatioiis of other variables.'* The latter cxwisist 
of TIME— the trend variable, BACC— tf^ nun4)er erf t)£Kxalaureates for a field arKl 
a sir^e sex, TOTBAC— the total numbers of baccalaureates in a field for both 
sexes. arKJ DRAFT— tfie number of men conscripted for military duty. Variables 
relating to b8(^ior's degrees ^^e rrKluded on ttie basis of tf« as»jmptk>n that 
the fxic^rtion of t}a«:ataureates entering graduate sctKxN falls as the total numt)er 
of t)aa:€Umjreate degrees rises. JYm variable DRAFT was included because of ttie 
possibility that many men entered graduate school in the sixties to avoid conscrip- 
tion. The analysis covered periods 14 to 18 years in iengtti ending in the sdtKxA 
year 1974-75, the nun^jer depeixling upon which sex and f^id the ef^tkm de- 
scribes. The values of the dependent variable ENROLL were estimated by dividing 
NSF estimates of ttra rujmtjer of first-^me graduate stud^ite'^ by rMjmbers of bac- 
calauneates in a given year. In deriving the IvstCHical valu^ of ENROLL, adjust- 
ments were made reflectir^ the past patterns by whidi baccalaureates have de- 
layed enrollfmnt in graduate scIkx)!.'* 

The regressicm results of ttie historical data are summarized in tat>ie A-4. All 
tKJt 3 of 26 regression coefficients are significant at .05 or be;ter. The coefficient 
'for SEEK for female physical scientists is just tielow statistical stgnifkarx^ of .10, 
and coeffcients for two othc*- variat>les, DRA^ in ttie equation for male mathe- 
matical sdences baccalaureates and BACC ior female life science t>aa:alau- 

Drfferenf specffic^fons al the ec^ations tor ^ct> sat field were tested Those speafcafions m iMe A-3 were 
chosen bet;a«e tfiey frad the tJesi slaftstic^ proper^ for purposes of profecfions These p^opettms wete as follows 
0) Percent o* past vanatioo m the depefi<^ vaftai}(e expiamed iR*). {2) statis^citi s^^^^nce the coefhoems 
m^. iZ) Mhen possibie. ai>sence of correiatton of error terns 

' The Naitonsi Gamer for Education Sl^stK^s reports issi-yei^ gt^^ students Mmrh ts a broiler ca^gory 
ttmn f^-tmie students 

* For &tamp^. MSf es^nutfei that ^ percer^ ol engmeers who ever go into ^ac&iM school i&) so m the same 
»n whtch they earned thms t^tccaima&me^ ?0 percer^ do so »n tfie foHowing year, and so forth These same 
ad^stments for deterys in enr'*(imi^ are incorporated m ft^ profectton ol a«vards 
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realss. are significffiit at .10. Serial oorrel^ton of error terms is indkx^ for the 
m^ physical and matimatic^ sconces equations. Des^ the pres«ioe of se- 
riaJ axrelation, the results <rf orcftnary l^ist squares regressions are used in cases 
w^iera Codirane-Orcutt tran^nnations remove meaning^ relations among the 
varie^iies. i.e., tt^r coeffk^er^ either became hisignificartt or todk on the wrong 
sign. Because of the very small numbers of femal^ engineers graduating in the 
pa^. anaiy^ of marfc^. effects on their enroMnent behavior is excluded from this 
^Jdy. The prelections ^simie female engtaieers react to the maritet in the same / 
way as their male counterparts. 



Table A^. Peroent of sefsnoe^ineerfng baccaiaiifeetes 
who ever I^Bcfciata sdiooi by fleM ml en 
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Ktote NufT^sars m parer^r^sa^ refer to values of i slattslicti 
Source NatKJna) Saence i-ounaatton 



Graduate Schod Ccynfjletion 
The second point of market influence in the projection model comes wtien the 
graduate student decides wtiettw to earn a doctorate. For tfie projections it is 
assumed that this occurs tvwo years after entry into graduate school. This length of 
time would allow most students to finish master s-degree programs and, hence, 
would provide a logical point for deciding whether to continue graduate study. In 
table A-5 are the results of regressions relating FINISH, tlie NSF estimates of the 
proportion of fir^t-tinre graduate students in a given year who eam a doctorate, to 
the value of SEEK2, the market index two years after those students Ijegin grad- 
uate study. For each equation there were 14 or 15 observatrans covering the pe- 
rioa ending in the 1969-70 school year.'* As in the case of the analysis of EN- 
ROi L there have been too few female engineering graduate students to altow 
analysis of the effect of the market on their behavior so it is assumed for projection 
purposes that they have the same market responses as men have. Regression 
analysis found {hat for women who are engaged in graduate study in the social 
sconces FINISH is not related to SEEK2. For the projections it is therefore as- 
sumed that the same proportion of women will complete graduate school in this 
fieW as have done so in the last 10 years of estimates. 

In the completion equations all coefficients are significant at .025 or better 
After Cochrane-Orcutt transformations of the vanables in all the equations, the 
Durbin-Watson statistic indicates possible senal correlation of error tenns for the 
equations concerning male graduate students in engineenng and the social sci- 
ences 

Steps in the Projection of SIE Doctoral Degrees 
The relationship Ijetween the supply of new doctorates in a given year and 
demand factors'*" detennines the value of the market index SEEK for that year. As 
explained tjelow, SEEK in turn affects the proportion of recent baccalaureates who 
go to graduate school This relation is negative; as SEEK rises, smaller f^rcent- 
ages of baccalaureates iri a fieW enter graduate school. SEEK also negatively 
influences the proportion of graduatr school entrants who earn doctorates. 

The degree projections are produ. 3d two years at a time by estimating values 
of SEEK, ENROLL, and FINISH for years after the en<^ of the historical time series 
of these variables. In more detail, values for SEEK are calculated for two initial 
years (t and t • 1 ) by relating demand and supply variables for a broad field with 
Ihe appropriate equation from table A-3. These values of SEEK are used in the 
equations in tables A-4 and A-5 to derive the estimated percents of baccalaureate 
recipients in those two years who ever enter graduate sch<K5l (i.e., the values of 
ENROLL for baccalaureates m years t and t « 1 ) and the estimated percents of 
graduate enroliees one and Iwo years earlier who ever earn doctorates (i.e.. the 

Th,s .s i.Js( . .KKifl irf trtjgiim.iiy gfddudio MuiJenli, (rum *h,ch a srfiff.cienlly Id'ge t(arIion had otrtaiffM 

' The t*tt, <lem.)<xl var iiWes ,nf eing.'fxms 1o |h,s, miid^ , f Ifien waiiies rv . atf.-. w-d Oy Itie (lumtw ot 
di>cio«ati*b ttiai 
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vstfues of RNISH tor graduate sWdents entering Jn years t-1 »k1 t-2). In the 
model Ph;D. graduates from a given entering emn degrees over a 10-year 
period be^nning four years after entry.'^ Therefore, the first doctorates from the 
entering class of year t-2 graduate in year t+2 and from t- 1 in t+a With esti- 
mates of graduates in t42 and t+3, values of SEEK in those two years are com- 
puted. "Hie f^pjecte^ continw in this reoirsive manner, two years at a time, untH 
degrees for 1987 are ptoAx^, AlttKHigh tWs a^jproach admittedly reprints a 
simplification of actual martcet processes, data constraints prevented development 
of a more complex aj^^^roach that would more fully reflect tfw market. 



' The iMttam of detoys behmm mfC^nmH mi comptefeon usad for each fteW and sex reacts fustoncrt dala 
on the tenom of doctoral sMlf The ssi^jfefymg as»mption tr^ ^ doctorates ^e aamed between 4 and 14 years 
after students anier school ^^jrxwan^ otjseived (Sma. tei l97ft-77. tor wiampte, only 38 percent otf St <toc- 
torales were awded to tho^enrotod three y*MW or Jess »id 0*^0 7 percert to those enro«edn^ 
(UnpU^^)ad dMd from the Survey <^ Earned Doctor^esl 
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90 
86 

91 

93 
91 

84 

79 

78 



Ckjrton- 
Watson 
statistrc 



1 4 
1 4 

1 1 

1 8 
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1 6 
1 6 

1 a 
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Coctirane-Ocutt 
CocfifaneOcutt 

Cochrane-Ocutt 

Coc hraneOcutt 
Cochrane- Ocutt 

Cochrarw Ocuti 
CkxrhfaneOcutt 

Cochrar>e*Ofcult 



NkJte NiOT^>efS tn paientneses fefef te t MalJSlfr4> 
Source National Science FtHifKlatfon 
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A Test oi the Degree Prqection Mod^ 

^ AsatestcrftheusehitrmscHtheiiMXiiec^onaf^^ 

^ dx, "ex post facto" pft^ectons of doc^cM degrees wme made for ir^ for 
1967-76. This was (kme by usir^ m the equatkms r^iraented earfier tt^ iK^tual 
values of SEEK to ' predict ' wtiat graduate school enttanoe and coiiiplatkjn ra^ 
would have been in those years for each of the five S/E fields accord^ to the 
behaviorai relatfon^i^ desat)ed ^ i those ec^attor^s. Estimates were ttm} madte 
erf how many degrees wouM have been awarded with tfK^ predfc^ VBh^ of 
entrar^e and ccm^)(etion rates. The r^tts dNffored tr<m\ actu^ awards over ttw 
10-year perfod by standard ^rors of 7 percent w less. 

Analysis of Starting Salaries far Doctoral Scientists and Engineers 

Starting salaries for S/E doctorates were evahiated as possible maiEket indi- 
cators for the projections before SEEK was cfiosen as the marfcet inctox. Regr^- 
sions showed that starting salaries cmitel serve as marfcet irK^c^ only for engi- 
neering and chemistry (wtrk^ represents oftly one compcH^ of tfie phy^:al 
sciences). To maintain a consistent apf^ro^ and tw stat^k:df (x»iventerKe 
SEEK was used as an index of market conditfons for suj:^ projectic^ in all fiekte. 

Starting salary for inexperienced workers are a cxmrnrxKily used measure dl 
the reiatron between supply and demand labor market. Salary data are avail- 
able from the Colle^ Pl^:ement CourK:fi and {Kofes^onal associatk>ns for new 
doctorates in engineering, mathematk^s, chemistry, ar^l physics. One equatk»i 
below (table A-6) relates starting salaries, SALARY, for cfoctoral en^neers to 
GRAO and R&D (described in the analysis of SEEK) and SAUBA, startir^ salaries 
for baccalaureate er^ineers. SALBA £^>pears on the basrs erf tlw hypothesis that 
nx)vements in baccalaureate arki doctoral salaries may l;>e Wghly chelated. The 
other equation relates startir^ salaries to research arxl devefo^nent as well as 
values of the d^ndent variable. SAL2. and the supply variable, GRAD2, each 
lagged one perk>d Another varieriMe used in this equatkKi is TIME, wfich takes a 
value equal to the numt^r of the observatk>n. This varis^e is inckK^ to ^x^nt 
for any trend-related factors rK)t included in the ec^tions, T^ final torms of the 
two equations were chosen after testing several different spedfi(^tk)ns to deter- 
nrrir^ whk:h had ttie most favorable statistical prc^rties. (See footnote 10 in this 
a|:^^ndix for a discussion of these properties ) 

Each equation explains nearly all the variatton in ckx:toral salaries, as is re- 
flected in the high-R^ s, arKl all of the regression a>effk:ients are highly significant, 
as shown by the t statistics in parentheses. The DurtMn-Watson statistk: indk:ates 
that serial correlatton of error terms may remain in the equation relating to starting 
salaries for doctoral chemists after a CcK^hrane-Ocutt transfa mation of variables. 
There are 16 observations for chemists salaries (1%(>-75) and 22 for engi- 
neers salaries (1954-75). Similar analysis for physicists and mattiematicians 
produced very low R^ s or cc^fficienls which l^ed significance or were of the 
wrong sign. 
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UtHizati<^ of Doctorates 
Academta 

This section exparKfe tfie text cteoission of the projection methods used for 
tt^ iarg^ cate^>ry of utilization of S/E doctorates, academia. The r^xt section 
discusses irKiustrial R&D emptoyment. 

For each broad f^, regression analysis related the number <^ fuN-time aca- 
demic staff, inctucNng rKmdoctorates, in January of a given year to ttw indepenctent 
variables Nsted below, 

BACC — Ihe mm^sm of beccalmireates awarcted m a smgle tmad field 

BACC (1) — the fotd mavbm of baccalaufBatefi awarctod m afl S E fiekte excafH ttie soaaH sciences 

BACC (2)— tf^ tot^ mmiber d baccalatroi^es a^m6e6 m aSI S E fiekfs 

PHD-4he fot^ mmtfier Ri.D. s awarded m a sir^ tncmd field 

TIME— a trend vam^ eqaa^ to the numt)ef of the observatim (e g . one for the first observation) 
BACCTil^— the vari^)le BACC c^vided oy tt>e trerKl van^rMe 
BACC(1$ TIME— Ihe vmifi^e BACC(1) divided by the trend vamable 
BACC(2);T1M£— the var^tMe BACC(2) c^VKted hy me trend v^iahle 

There were ei^t c*servations for tf^ perkxJ 1965 to 1976. Different equation 
specifications were tested to determine wtilch variables t>est explained past vari- 
atk>n in academk: ^r^rfoyment. Those specifications which seem most consistent 
with what is known atKHJt the types of courses taken by students in different fields 
and those which had the best statistical properties appear in^te A-7 For each 

' See lixntv^ to m tf»s ^sponc^x Oftkrmy squares were used m ^ cases bec^ise Cocfytam-Qtam 
^ansformattons coffecl tor cofreialion between error terms m ac^ac^m otisefvations tt observa^ons are separated t>y 
gaps 01 ur^ec^ tenglh. as m tN% case, these toar^forr^i^Qns me not pcTSS^e 




TdMe A-7. EmptoymeiM of B^MC^ongfawsriim facufty 
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Noc<^ NufT^fb in pafemtmes are I sta^s^lcs 



fmW the equatkKi listed first was used to i^afect total staff, except m ttw social 
, s(^f)ces.^^ in the physical and Kfe sde tees, spectficatiOTO i^ng BACX^I) (sM 
E t^Kxalmireates less the soc^ sd^^»s) were chosen tor the pra^ctkni ec^- 
tiora %o reflect the service functon perfc^med by faortty m these tvyo fiekte for 
stuctents majiMing in crther S^E ftokte. (H is as^KT^ that so^ sc^v^es imder- 
gfmk^aim do not takB natural ^H^Kes course as frec^wntiy as do crtfwr S/E 
student.) BACC(2) (alt S/E bcKXi^reates) &ppems in the pnc^ection ec^pjcSor^ 
for the matfmmatical scietKes on the baste of tt« flssun^Mton ttwA f aci% in thte 
f^ ir^nict all S/E imdergrachiates. O) ttie other fwid, few nonen^^ieering 
dents enroll in er^neermg courses so BACC (in ttris case t>accalaureates in en- 
gineering only) was the independent vari£dMe in ttm pt)jection equation. In this 
field as well as in the physical sciences, trend variables were ^o us^. The text 
descritos how f^oiectrons of regul^ staff virith doctorates v^e derived from these 
p^cqectic^ of tc^l staff (p. 12). 



Inchmtrtel Reseikr^ and Pevelopnwnt 

Prelections of doctoral emp>oynnent were bas^ i^K>n NstcMical reiatonsNps 
between total S/E staff. EMPLOY, and expenditoires by ma^or inAistr^ ^(Hips,^ 
R&D« as estmiated by linear regres^)n aiiafyses erf the amiual data fcx- tiie p^^ 
1958-76. Results are summarized in table A-8. The treiKl variable, TIME, Bp- 
perns in ttie three equations wtiere its coeffN^tent was statisfcaNy si^riilk^nt. Al 
coefficients are statisticaHy significant at .05, exc^t tfw a>ru»^ term fm electrk:al 
ec^jnpment. 

Future staff ir^ was estimated with tfiese equations and projected growth rates 
for R&D expenditures by irKkJS^ presented in 7985 R&D Funding Pn^ections.^' 
The projected en^loyment fc^ the seven industry grcHjps were sumn^ mui- 
t^ied by 1 .16 to inqxrte tf^ smaN« irx^stries irKtuded m tN» re^^e^ior^.'^ 
The text describes how projections of <kx:torat staff by fiekj were (^ved from 
these estimates of total future staff (p. 13). 



" As MpliiinQd fn thB lexi (p 12| the profdrtfons assume mat fui lime socia} soences facuty. mdudifig nondoc 
torates. be comtmt ^oughoul the pro^Pdion period 

HMtona^ Sctence Foundation, fteammch and DMiopnmn m ktat^tfy, ^mual senes (Wa^nf;^. D C 
20^ Sup! Ddo^nente U S. Govemmof^ Pnn^ Offics ) 

' Mafe»nal Sconce f oundatior 1965 MD fund^ Rrt^nom {HSf 7& 314) ^ Wa^wigton. 0 C 20402 &^ 
of Oocumenls. U S Govw^nmeni PrinNig Olhcm ) 

^ The ttiduded mdu&lf«efe empioyvd 16 peromtf a$ many M::i«nti$l& and Bn^tnwh tn MO ac^vM6 as did 
tHdustnes mducM m the fegres&^m m 1976 The exc^jded mck^ttm wve fcxid teKljles. MrHder. papef . peMman. 
rUbb&f stone, primes mt^tafs. fat>ncakKf m^ate and nonmmifacti^tng 
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3. Coii^parison of NSF and BLS Prpjectbns 

ProjectkMis by the Bureed <^ Labcx Stati^k:s (BLS) erf the Ji^if^ and utiliza- 
tkKi of ctoctoral sdetntists and engineers'^ largely ^ee vMth e^mat^ iiMi^ented 
by the National Science FoufKiatiQn (NSF) in this report. The respective protec- 
tions are ctose in spite of differences in the concepts and tepfwiques used by the 

NSF arKl BLS agree on the overall t)alance between skmi^ and utilization as 
wen as on the pt^bility of Rowing imbalances in ttie fCKir broad fields of science. 
More specifically, the two differ by only a few thousand on both the futune supply 
and utilization of doctoral physical scientists and matfwmaticians. Also NSF and 
BLS agree ctosety on future utilization in tt\e Hfe-end social scierKes. but BLS 
projects about 15.CXX) more doctoral life scientists and about 5.0(X) more social 
science doctorate-huWers. Only for en^r^ring do the two sets of prelections dif- 
fer on ttie future nature of tfie labc^* market. BLS foresees a small sfKjrtage of 
doctoral engineers, wtrereas NSF estimates that about 15.(XX) of this grcHjp will 

hod non-S/E positions in 1987. 

I. 

Most of tfie divergence between the two agencies on the cnitlook for er^i- 
neering and almost all of the difference on the extent of the future imbalarK:es in 
the life and sMial scierrces can be traced to how NSF and BLS account for future 
additions to supfHy. The National Center for Education Statistics (NCES) provides 
the degree projections used by BLS." NCES derives its estimates of future de- 
grees from extrapolation of trends in (1) th6 ratios of total doctoral awards to the 
college-age population and (2) the ratk)s of degrees in a field to total doctorates. 
Examination of NCES projections reveals that future degree totals generally differ 
not only m magnitucte t>ut also in direction of change from those generated by the 
. NSF model. These divergences highlight the roles in the recursive NSF model of 
( 1 ) feedback from the market to the number of doctorate grackiateb and (2) expec- 
tatk)ns concerning demand factors. 

The fairly close agreement in regard to future utilization in the four science 
fieWs occurs in spite of differerKes in fraw the two agem^ies aj^oach tiifs ques- 
tion. In oNitrast to NSF. which estimates the number of S/E pc^tions available in 
1982 and 1M7. BLS jw^ojects to 1985 "traditiOTal" emf^oynwnt for doctorates. 
Su(^ utilization is defined in tenns of the propOi*»Ctis of ttie l^xw force in a fiekJ 
that were comprised of Ph.D.'t in a past period when doctoral sup^ and utiUza- 
tiwi were assumed to have t^en in balance. An estimate (rf "traditicwTar" doctoral 
employment in 1985 is derived by first extrapolating 1966-70 trends in the pro- 
portional representation of doctorates in a fiekl. The extrapolated fraction fw 1985 
IS multiplied by the BLS projection of total 1985 labor requirements in that field to 
obtain the number of traditional jobs f<y Ph.D. s. 



Douglas BtaddocN. The Ow»fS4j«Hy ol Ph D s lo Cortinue Ttwou^ 1965 AloWWy iitfw fl»i«e»». Oclobef 
1978. p 4e 50 

" HObonBi OrtBf lof Educaton Stabslics NCfS Proitclions <rf tOucfition Siatisiics to l9eb S6. NCES 77 
4(S (Wasntngton :> C I 
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4. Components of Fields of Science 

Physical scfences: Includes chemistry, earth science, physics. geok)gy. meteor- 
otogy. a^onomy. metalhirgy, geophystes. pharmaceutical chenwstry. 

EngliMwff^: Im^iKles ^onautical. architec^ral. tricHn^jicai. ceramk;. chemical. 
dv^, etectiical. engineering scterK»s. environmental health engineering, ge^^i- 
cai, indu^ai. mechank^al. minir^. niKJlear. petroleum, and ail crther fomis of en- 
gineerir^. 

JNattMfiMtical sciences: Inckides mattrematics. statistics, computed sciences, 
data processing, ^fstems analysis, arul all related fiekis. 
Life sctences: InckKtes agriculture (ex(^ agrk:ultural economk:s). forestry, bi- 
otogy. botany, zootogy. ecotogy. embryok^. entofTK)togy. genetics. nutritkMi. 
plant pathology, plant phystotogy. anatomy, btochemislry. bk>physws. microbiol- 
ogy. patfK)k)gy, f^anma{^)k>gy. |:^ysN>k)gy. arid related fiekls. 

Social sctences: Includes s^ricuHural economk:s. g^^raphy. econometrics, an- 
thropotogy. archecAjgy. ecom>mics. linguistics, sociology, government (political 
science), demogra^rfiy. and psycfiology. (tk>es not ifKlude history, education, so- 
cial work. (Hiblk; administratk)n. or ottrnr applied fiekls.) 

Nonsctetwe: All other fi'>lds. 
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